lectronic 


CONTENTS 
November  ....  1942 


ARNOLD'S  AIM.  TO  CORRECT  ABUSES  OF  PATENTS . 

Highlights  of  Thurman  Arnold's  views  on  the  patent  situation,  as  given  in  interview  to  editors  of 

ELECTRONICS 

REBUTTAL  TO  ARNOLD . 

Those  who  do  not  agree  with  Mr.  Arnold's  contentions  about  the  patent  situation  present  their  point 
of  view 

RECORDING  MACHINERY  NOISE  CHARACTERISTICS,  by  H.  D.  Brcdlsford . 

Description  of  apparatus  and  technique  required  to  accurately  transcribe  industrial  equipment  and 
other  sounds  in  the  field,  with  suggestions  for  subsequent  laboratory  analysis  by  oscillographic  means 

RCA  DEDICATES  NEW  ELECTRONICS  LABORATORIES . 

Completely  modern  laboratory  of  RCA  for  research  in  the  communication  and  electronics  fields  Is 
dedicated  at  Princeton.  N,  J. 

SYMMETRICAL  ELECTRICAL  SYSTEMS.  PART  I.  by  E.  S.  Purington . 

A  special  method  for  determining  the  characteristics  of  four-terminal  networks  which  are  structurally 
and  electrically  symmetrical.  This  method  simplifies  such  work  compared  to  conventional  solutions 

NAZI  AIRCRAFT  RADIO,  by  lohn  H.  Jupe . 

Examination  of  captured  German  aircraft  has  yielded  much  valuable  information  for  the  prosecution 
of  the  war  effort.  This  article  describes  the  radio  equipment  used  in  Nazi  aircraft 

ELECTRICAL  REMOTE  CONTROL.  PART  I.  by  C.  1.  Dorr  and  L.  N.  Gallon . 

An  introduction  to  the  general  problem  of  remote  control,  outlining  a  logical  approach  to  the  design 
of  equipment  for  communications  and  industrial  use 

TIMERS  FpR  WELDING  CONTROL.  PART  IV.  by  S.  A.  Clark . 

A  detailed  discussion  of  semi-automatic,  automatic  and  sequence  timing  as  distinguished  from  power 
units  covered  in  previous  articles 

AN  INSTRUMENT  FOR  MEASURING  SURFACE  ROUGHNESS,  by  Charles  K.  Gravley 

An  electronic  device  utilizing  a  Rochelle  salt  crystal,  a  high-gain  amplifier  and  an  oscillograph  for 
quantitatively  measuring  the  roughness  and  character  of  physical  surfaces 

SUPERHETERODYNE  TRACKING  DESIGN  SIMPLIFIED,  by  P.  C.  Gardiner . 

A  short  cut  to  the  problem  of  designing  oscillator  r-f  tracking  systems  for  superheterodynes,  reduced 
to  a  simple  graph 

IMPEDANCE  CURVES  FOR  SOME  COMMON  NETWORKS,  by  V.  L.  Edutis . 

The  magnitude  and  phase  for  six  common  networks  are  given  in  graphical  form  in  this  Reference  Sheet 


DEPARTMENTS 


KilTH  HENNlYi  Editor;  Donald  G.  Fink,  Managing  Editor  (on  leave);  Beverly 
Dudley,  Acting  Managing  Editor;  Craig  Walsh,  Attociate  Editor;  W.  W.  MacDonald, 
Aisociate  Editor;  M.  L.  Mattey,  Assistant  Editor;  J.  M.  Heron,  Assistant  Editor; 
Harry  Phillips,  Art  Director 

H.  W.  MATEER,  Publisher;  J.  E.  Blackburn,  Jr.,  Director  of  Circulation  Electronics; 
Wallace  B.  Blood,  Sales  Manager 

DISTRICT  MANAGERS.  D.  H.  Miller,  New  York;  R.  H.  Flynn.  New  England; 
F.  P.  Coyle,  Philadelphia;  L  P.  Canty,  Cleveland;  C.  D.  Wardner,  Chicago 

Contents  Copyright,  1942,  by  McGraw-Hill  Publishing  Company,  Inc. 

McGRAW-HILL  PUBLISHING  COMPANY,  INCORPORATED 

JAMES  H.  McGRAW,  Founder  and  Honorary  Chairman 
Publication  Office  99-129  North  Broadway,  Albany,  N.  Y.,  U.  S.  A. 

EDITORIAL  AND  EXECUTIVE  OFFICES  330  West  42nd  St.,  New  York,  N.  Y.,  U.  S.  A. 
James  H.  McGraw,  Jr.,  President;  Howard  Ehrlich.  Executive  Vice  President;  Mason  Britton, 
Vice  President;  B.  R.  Putnam,  Treasurer;  Joseph  A.  Gerardi.  Secretary.  Cable  Address; 
MCGRAWHILL,  New  York.  Member  A.  B.  P.  Member  A.  B.  C. 

ELECTRONICS.  November,  1942,  Vel.  IS:  Ne.  M.  Published  monthly,  price  SOe  a  copy.  Allow  at 
least  tan  days  for  ehanpe  of  eddrees.  All  eommunicatlont  about  subscriptions  should  bo  addressed  to 
the  Oiroetor  of  Circulation,  330  West  42nd  Street.  New  York.  N.  Y. 

Subsc.iptlon  rates — United  States  and  possessions.  Mexico.  Central  and  South  American  countries. 
tS.OO  a  year,  $S-00  for  two  years.  SIO.OO  ter  throe  years.  Canada  (Canadian  funds  accepted)  45.30 
a  year.  $9.00  for  two  years.  $11.00  for  three  years.  Great  Britain  and  British  possessions  36  shillinps 
ter  one  year.  72  shillinps  for  throe  years.  All  other  countries.  $0.00  for  one  year,  $12.00  for  three 
years.  Entered  as  Second  Class  matter,  Aaeust  29.  1930.  at  Post  Ofllce,  Albany,  New  York,  under 
the  Act  of  March  3.  1879.  BRANCH  OFFICES:  $20  North  Michipan  Avenue.  Chicapo:  68  Post  Strset. 
San  Francisco:  Aldwych  House.  Aldwych,  London.  W.  C.  2:  Washinpton:  Philadelphia;  Cleveland: 
Detroit;  St.  Louis;  Boston:  Atlanta,  Ga. 


Crosstalk  . 

Reference  Sheet  . 

Tubes  at  Work . . 

Electron  Art  . 

News  of  the  Industry 

New  Products  . 

Patents  . 

Book  Reyiews  . 


Backtalk 


Index  to  Advertisers 


McGRAW-HILL  PUBLISHING  COMPANY 
330  West  42nd  Street.  New  York,  N.  Y. 


D. rector  of  Circulation: 

Please  change  my  address  on  Electronics 


From 


Signed 


-2 


This  permanent  tracing  paper  is 
transparentized  with  Albanite 


No  oil,  no  wax — but  a  remarkable  new  trans- 
parentizing  agent  developed  in  the  K&E 
laboratories — produces  this  truly  permanent 
tracing  paper!  ALBANENE  is  made  of  100% 
long  fiber  pure  white  rags — treated  with 
Albanite — a  new  crystal  clear  synthetic  solid, 
physically  and  chemically  inert.  ALBANENE 
will  not  oxidize,  become  brittle  or  lose  trans¬ 
parency  with  age. 

Equally  important,  ALBANENE  has  a  fine 
hard  “tooth”  that  takes  ink  or  pencil  beauti¬ 
fully  and  erases  with  ease  ...  a  high  degree 
of  transparency  that  makes  tracing  simple 
and  produces  strong  sharp  blueprints  .  .  . 


extra  strength  to  stand  up  under  constant 
corrections,  filing  and  rough  handling. 
ALBANENE  has  all  the  working  qualities 
you’ve  always  wanted — and  it  ti  ill  retain  all 
these  characteristics  indefinitely. 

Make  ALBANENE  “prove  it”  on  your  own 
drawing  board.  Ask  your  K&E  dealer  or 
write  us  for  an  illustrated  brochure  and 
generous  working  sample. 


KEUFFEL  &  ESSER  CO, 


CHICAGO  •  ST  LOUIS  >  SAH  FRANCISCO  '  LOS  ANGELES  •  OETROIT  •  MONTREA, 


MINERAL  OIL.  Most 
tracing  papers  are 
treated  with  some  kind 
of  oil.  Mineral  oil  Is 
physically  unstable, 
tends  to  “drift",  never 
dries  completely.  Pa¬ 
pers  treated  with  min¬ 
eral  oil  pick  up  dust, 
lose  transparency  with 
age. 


ALBANITE  is  a  crystal- 
clear  synthetic  solid, 
free  from  oil  and  wax. 
physically  and  chemi¬ 
cally  inert.  Because  of 
this  new  stabilized 
transparentizinit  aftent 
Albanene  is  unaffected 
by  harsh  climates — 
will  not  oxidize  with 
aiie,  become  brittle  or 
lose  transparency. 


VEGETABLE  OIL, 
chemically  unstable, 
oxidizes  easily.  Papers 
treated  with  vegetable 
oil  become  rancid  and 
brittle,  turn  yellow  and 
opaque  with  age. 


THE  STABILIZED  TRACING  PAP: 


Construction~Builder  of  Bases 

America’s  Great  Peacetime  Industry  Goes  to  War 


PUNCHED  through  1,600  miles  of  trackless  wilder¬ 
ness  and  ri\aling  the  Panama  Canal  in  strategic  im¬ 
portance,  the  Alaska  Highway  will  cut  days  and  dan¬ 
gers  from  present  supply  routes  ...  to  Alaska  ...  to 
the  Aleutians  .  .  .  yes,  to  Japan  itself! 

I'his  job,  to  be  finished  soon  and  well  ahead  of 
sclicdule,  is  but  one  example  in  thousands  illustrating 
how  construction  sets  the  stage  for  our  war  effort  .  .  . 
and  why  the  construction  engineer  is  vital  to  victory. 

Back  of  America’s  busy  production  lines,  expanding 
sliipyards,  growing  cantonments  and  far-flung  military 
bases  is  a  series  of  swiftly  executed  construction  jobs. 
Important  jobs!  For  the  construction  industry  is  a 
builder  of  bases.  Bases  for  production  —  for  training  — 
for  defense  — and  for  attack. 

lb  conceive  and  to  carry  through  so  tremendous  a 
program  in  a  race  against  time  is  typically  American.  It 
requires  enterprise  and  the  sort  of  \ersatility  that  has 
been  acquired  by  undertak¬ 
ing  every  kind  of  job;  from 
a  Boulder  dam  to  a  drydock, 
from  a  Peuusylvania  rurn- 
pike  to  a  housing  project, 
from  a  Radio  City  to  a  rail¬ 
road  tunnel .  . .  and  taking  it 
in  stride.  War’s  denrands  in 
the  eyes  of  America’s  cou- 
structioir  men,  are  simply 
more  of  the  same  — for  a 
grimmer  purpose,  and  un¬ 
der  heavier  pressure. 

riic  civil  engiireers  who 
develop  the  necessarx  de¬ 
signs,  the  contractors  who 
execute  them  and  the  man¬ 
ufacturers  who  proxide  the  equipment  and  materials, 
are  as  much  a  part  of  this  xxar  as  are  the  men  xvho  face 
the  enemy.  The  results  of  their  labors  arc  recorded  in 
mouutiug  production  figures,  and  xvill  be  indelibly  writ¬ 
ten  in  the  militarx  annals  of  this  war.  'Those  60,000 
airplanes,  4S,000  tanks  and  S.000.000  tons  of  shipping 
that  the  President  asked  for  in  PH2  xvill  be  supplied 
because— and  only  because  — the  construction  industry 
did  a  Herculean  plant-building  job  first  — and  fast. 


Yes,  construction,  America’s  great  peacetime  industry , 
has  gone  all  out  for  war.  From  a  normal  6V2  billion  dol¬ 
lars  in  19s8.  it  got  into  its  xvar  stride  last  year  xvith  a  \\V2 
billion  dollar  volume.  And  under  the  impetus  of  Pearl 
Harbor,  the  1942  figure  noxx  promises  to  reach  the 
unprecedented  total  of  15  billion  dollars.  “If  buildings 
xvould  XX  in  the  war.  Hitler  would  be  licked  noxx  ”,  said 
Lieut.  Cen.  Walliam  S.  Kuudseu  recently.  W  Inch  em¬ 
phasizes  the  further  fact  that  the  construction  industry 
xvas  the  first  to  go  to  war. 

The  technical  and  managerial  talent  that  is  accom¬ 
plishing  this  mammoth  job  has  had  to  find  its  strength 
and  resources  within  itself.  No  possibility  of  “con¬ 
version’’  here!  Only  years  of  xaried  construction  ex¬ 
perience  enabled  it  to  tackle  and  to  achiexe  the  mam- 
fold  tasks  that  building  for  xvar  demands. 

lake  that  cornfield,  for  instance,  that  Henrx^  Ford 
picked  for  his  record-breaking  bomber  plant.  The 

spring  mud  xvas  soft  and 
deep  XX  hen  contractors  mov¬ 
ed  in  last  year.  They  were 
entering  a  race  against  an  al¬ 
most  impossible  time  limit. 
Before  thex  could  exen  be¬ 
gin  on  the  plant  itself,  they 
had  to  build  roads,  lax  a  4 
mile  xvater  supply  line  and 
install  a  complete  sexxerage 
system  xvith  its  disposal 
plant.  But  such  xaried  jobs— 
each  big  in  its  oxvu  right— 
merely  xvere  antecedent  to 
running  up  the  framework 
and  enclosure  for  the  60- 
acre  factory  itself.  Or  to 
using  road-building  methods  to  paxe  a  floor  that  was 
the  equixalcnt  of  25  miles  of  20- foot  xvide  concrete 
highxvay. 

It  XX as  a  race  against  the  approaching  xvinter,  and  to 
XX in  it  they  had  to  push  their  SI .OOO.OOO  xxorth  of  con¬ 
struction  equijjmcut  to  the  limit-dax  and  night.  But 
win  they  did!  ft  is  accomplishments  like  these  that 
exjrlaiu  how  the  nation’s  axiatiou  factorx'  floor  space 
jumped  from  18.000.000  to  fi0.000,000  square  feet  in 


This  is  the  fifth  of  a  series  of  editorials 
appearing  monthly  in  all  McGrati-Hill 
publications,  reaching  more  than  one 
and  one-half  million  readers,  and  in 
daily  neuspapers  in  New  York,  Chi¬ 
cago  and  H  ashington,  D.  C.  They  are 
dedicated  to  the  purpose  of  telling  the 
part  that  each  industry  is  playing  in  the 
war  effort  and  of  informing  the  public 
on  the  magnificent  tear- production  ac¬ 
complishments  of  America's  industries. 


the  past  two  years  .  .  .  why  Fortresses  and  fighter  ships 
are  beginning  to  turn  the  scales  of  war  in  our  favor. 

“Somewhere  in  the  Southwest”  the  Army  called  for 
a  training  base.  The  contractor  who  answered  that  call 
summed  up  his  performance  in  characteristic  fashion: 
“Beginning  without  so  much  as  a  contour  map  we  had 
a  $10,000,000  project  ready  for  operation  within  90 
calendar  days,  and  saved  SVz  million  dollars  of  the 
estimated  cost”. 

At  another  Army  camp  a  contractor  assembled  a 
crew'  of  20,000  men  who  put  together  1,400  buildings 
in  125  working  days,  along  with  a  sewer  system,  a 
water-supply  and  a  street  layout  of  which  many  a  fair- 
sized  cit)'  might  be  proud.  This  job  swallowed  up  2.000 
carloads  of  lumber,  and  26,000  kegs  of  nails.  So  perfect 
was  the  teamw'ork,  from  the  general  manager  down 
through  the  hundreds  of  superintendents  and  foremen 
to  the  specialized  crews,  that  as  many  as  seventy  build¬ 
ings  were  erected  in  one  single  day. 

But  vcrsatilit\'  and  experience  are  not  the  only  qual¬ 
ities  that  the  construction  engineer  has  in  his  tool  chest. 

1  le  has  ingenuit}',  and  he  needed  it  w  hen  steel,  copper, 
zine  and  aluminum  had  to  be  used  for  combat  equip 
ment,  and  were  denied  him.  Great  hangars,  con\en- 
tionally  of  structural  steel,  were  turned  out  with  record- 
breaking  timber  arch  spans.  Reinforced  concrete  fac¬ 
tories  were  designed  to  require  only  3  lb.  of  steel  bars 
per  square  foot  instead  of  the  customary  5  lb.  Asphalt- 
impregnated  paper  was  substituted  for  copper  in  flash¬ 
ings,  cement-asbestos  for  galvanized  steel  in  duct  work. 
In  the  face  of  a  materials  shortage,  he  continued  to 
build  bases  — safely,  economically,  and  on  time. 

Construction  ingenuity,  too,  is  back  of  the  records  in 
Liberty  ships,  in  war  housing  and  a  host  of  other  fa¬ 
cilities.  Indeed,  it  was  the  construction  industry'  that 
stepped  forward  to  assume  the  bulk  of  the  emergency 
shipbuilding  program,  leasing  established  yards  free  to 
handle  more  specialized  Navy  work.  Naturally,  it  vsas 
casv  for  cisil  engineers  and  contractors  to  build  the 
shipyards,  but  building  ships  was  another  story'.  It  is  a 
far  cry'  from  steel  ships  to  conventional  engineering 
structures,  yet,  drawing  upon  their  bridge  and  building 
experience,  the  men  of  construction  have  turned  out 
ships  faster  than  they  were  ever  built  before. 

I  low'  was  this  possible?  .  .  .  because  the  construction 
man  sees  e\ery'  job  as  a  new  problem,  view's  e\crs’  pre 
cedent  as  something  to  be  discarded  in  favor  of  some¬ 
thing  better.  So  instciid  of  assembling  the  mvriad  sep¬ 
arate  pieces  of  each  ship  on  the  ways,  he  fabricated 
them  into  huge  built-up  .sections.  These  he  .swung  to 
the  ways  and  welded  them  into  plaee  in  a  fraetion  of 
the  time  required  by  old  methods. 

Again,  the  demands  for  wartime  housing  for  workers 
in  industrial  areas,  at  Naxy  bases,  and  near  Army  con¬ 
centrations,  have  altered  the  meaning  of  “residential 
construction”.  'I'hc  building  of  indixidual  houses  has 


gixen  w'ay  to  a  form  of  multiple-unit  project  that  calls 
for  the  skilled  serxices  of  the  architect,  the  civil  en 
gineer  and  the  large  contracting  organ i7.ation.  On  one 
such  project,  for  example,  a  contractor  experienced  iii 
large  building  and  bridge  construction  employed  an 
extensive  system  of  prefabrication  and  site  assembly 
that  made  possible  the  completion  of  5,000  houses  for 
war  workers  within  five  months. 

All  these  activities,  w  ithin  the  United  States,  parallel 
the  achievements  of  other  industries  that  serve  the  men 
at  the  front.  But  construction  knows  no  continental 
limits.  Its  men  are  serving  throughout  the  netxvork  ot 
defense  bases  built  in  the  West  Indies,  Greenland,  and 
Iceland,  and  in  the  offensive  bases  that  are  taking  form 
in  the  jungles  and  deserts  of  Africa,  the  harbors  of  the 
Persian  Gulf,  and  the  plains  and  mountains  of  Australia 
and  Alaska.  Already  in  this  war,  as  in  the  last  one.  con 
struction  crews,  like  those  at  Wake  and  Guam,  haxc 
dropped  their  peacetime  tools  to  fight  shoulder  to 
shoulder  xxith  their  comrades  in  uniform.  Construction 
follows  the  flag  to  the  farthest  outposts  in  this  global 
struggle. 

*  *  *  * 

But  while  the  construction  industrx'  thus  serxes  the 
special  needs  of  the  armed  forces,  it  must  look  after 
its  job  at  home.  It  must  keep  the  highxvays  serxiccablc. 
the  water  supply  safe,  sanitary  facilities  adequate.  I'hcrc 
are  home  chores  that  cannot  be  neglected  even  in  xxar. 

And  when  we  finish  our  No.  1  task  of  xvinning  the 
xvar,  the  construction  industry'  will  again  be  called  ujjon 
to  help  re-establish  peacetime  emplovment  and  to  stim 
ulate  the  normal  industrial  activities  of  the  nation.  It 
xvill  raze,  rcxlesign  and  rebuild;  it  xvill  bring  modern 
sanitation  to  urban  dxvcllers;  it  will  safeguard  fertile 
areas  and  cities  from  disastrous  floods;  it  will  improxc 
all  forms  of  transportation;  it  will  design  and  build  the 
facilities  that  xvill  be  needed  to  reconxert  from  xxar  to 
peace.  Its  vision,  xersatility',  experience  and  ingcimitx 
xvill  be  as  indispensable  then  as  they  are  vital  noxv. 

Today  it  is  building  the  bases  that  are  needed  back 
of  ex  cry  battle-line,  'lirmorroxv  it  xvill  build  for  a  nexv 
and  better  era.  'I()day  it  is  laying  the  foundation  for  the 
victories  that  must  be  ours.  'l()morroxv  it  xvill  lav  the 
foundation  for  the  peace  that  xvill  folloxv  these  victories 
In  xxar  and  in  peace  the  construction  industry  is  the 
builder,  the  harnes.ser  of  nature’s  forces. 


President,  McGraw-I lill  Publishing  Companx  ,  inc. 


►  NOISE  ...  A  news  release  from  the  War  Produc-  away  from  his  machine.  They  must  be  decreased  to 

tion  Board  reminds  us  of  a  Saturday  Evening  Post  win  a  war. 

story  of  a  number  of  years  ago.  In  this  piece  of 

fiction  were  two  characters,  Tobe  and  Henney,  char-  ►JUNK  .  .  .  All  over  the  country  men  and  women  are 

acterized  by  the  author  as  “great  unshaven  louts.”  taking  courses  in  radio  fundamentals,  in  code,  and 

This  caused  no  end  of  amusement  among  the  mutual  in  methods  of  maintaining  radio  equipment  in  work- 

friends  of  one  Tobe  Deutschmann,  Canton,  Mas.sa-  ing  order.  Due  to  the  hurry-up  process  involved  and 

chusetts,  and  your  editor.  due  to  priorities,  it  has  not  been  possible  to  amass 

Now  it  seems  that  lout  Tobe  is  going  great  guns  representative  equipment  which  the  students  can 

making  condensers  for  radar  and  other  military  equip-  handle.  Thus  many  a  person  gets  his  diploma  without 

ment;  is  acquiring  chocolate  factories  in  which  to  having  much  of  an  idea  what  a  variable  or  fixed  con- 

make  capacitors;  that  after  many  years  of  pioneering  denser  or  resistor  looks  like. 

in  the  use  of  noise-silencing  equipment  to  cut  down  This  all  came  to  light  recently  w’hen  a  letter  from 

the  racket  produced  by  electrical  appliances — pioneer-  an  AWVS  school  arrived,  w’anting  to  know  how  pieces 

ing  almost  totally  without  appreciation — Tobe’s  ef-  of  representative  apparatus,  not  necessarily  the  latest 

forts  to  reduce  man-made  static  are  bearing  very  large  models,  could  be  obtained. 

fruit.  Is  it  too  much  to  hope  that  after  the  w’ar,  radio  Many  laboratories,  manufacturers,  service  organi- 

listeners  will  no  longer  be  plagued  with  interference  nations  and  individuals  must  have  lots  of  old  junk 

from  razors,  v’acuum  sweepers,  elevators  and  other  kicking  around,  some  of  it  workable  and  some  of  it  no 

devices  so  full  of  electrical  noise?  longer  useful,  all  of  w’hich  might  be  sent  to  these 

schools.  Manufacturers  cannot  send  samples  and  so 

►  SAFETY  .  .  .  On  the  18th  of  August  the  President  these  schools  must  either  get  priorities  orders  and 

issued  a  proclamation  calling  upon  the  National  Safety  purchase  the  modern  stuff,  or  they  must  rely  on  gifts 

Council  to  mobilize  its  resources  in  leading  a  con-  of  older  equipment  from  the  outside  or  they  must  go 

certed  campaign  against  accidents.  This  campaign  without. 

aims  to  prevent  loss  of  production,  decrease  of  effi-  Has  any  reader  a  good  idea  on  this  matter? 

ciency,  and  human  suffering  through  accidents;  and 

every  man,  woman  and  child  should  do  his  part  in  ►  SCR.\I*  .  .  .  Release  from  Philco  stating  that  in 
this  effort.  the  first  six  months  of  1942  this  one  company  salvaged 

Accidents  in  industry  are  on  the  increase.  Men  120  carloads  of  steel  turnings,  emphasizes  the  big 

new  to  industrial  work  are  now  in  factories,  inexperi-  campaign  now  under  way  to  collect  .scrap.  This  feat 

enced  in  the  ways  of  machines.  Women  now  appear  of  Philco’s  is  not  special,  it  is  the  everyday  collection 

in  increasing  numbers  in  the  .same  war  production  of  scrap  engaged  in  by  all  plants.  But  there  is  in 

plants.  They,  too,  are  inexperienced  in  dealing  with  every  plant,  as  in  every  dwelling,  old  stuff  kicking 

machinery.  Women,  particularly,  are  prone  to  suffer  around  gathering  dust  and  taking  up  space  which 

industrial  accidents.  They  want  to  look  good,  now  that  could  just  as  well  be  turned  into  something  to  send 

they  are  working  among  men.  They  don’t  want  to  to  the  Orient  or  to  Germany  in  more  useful  form, 

wear  safety  goggles  or  hats.  It  is  surprising  the  American  Industries  Salvage  Committee,  350  Fifth 

number  of  woman-hours  of  w’ork  lost  due  to  an  ele-  .\venue.  New  York  City,  has  som.e  suggestions  for 

mentary  thing  like  open-toed  shoes!  organizing  and  carrying  out  a- factory  scrap  program 

Most  accidents  are  minor;  but  they  take  an  operator  and  it  is  worth  having. 


As  viewed  by  Thurman  W.  Ar-  drawn  and  continued  in  a  more  headings  as  compared  with  312  ma- 
nold,  Assistant  Attorney  Gen-  thoughtful  mood:  jor  classifications  and  35,000  sub- 

eral  of  the  United  States,  who  heads  “There  are  two  separate  problems  classifications  today.  The  growth 
the  Antitrust  Division  of  the  Depart-  involved ;  first,  the  reform  of  the  was  so  rapid — growth  reflecting  the 
ment  of  Justice,  the  release  of  the  patent  law  itself  and  second,  the  advent  of  steam  and  electric  power, 
country’s  economy  from  abuses  of  method  of  curbing  the  abuse  of  pat-  chemical  processes,  and  numbers  of 
our  patent  system  is  of  paramount  ents  which  should  be  applied  under  manufacturing  systems  —  that  the 
importance  to  the  survival  of  the  any  patent  law.  law  could  not  keep  up  with  techno¬ 
system  of  free  enterprise.  “I  am  not  concerned  with  the  pat-  logical  advances.  The  law  simply  fol- 

Both  temporary  and  future  needs  ent  law  as  such.  By  that  I  mean,  lowed  as  best  it  could.  Hence  the 
call  for  the  breaking  of  powerful  there  is  nothing  wrong  with  the  fun-  need  for  revisions,  which  Mr.  Arnold 
domestic  and  international  cartels  damental  principle  of  it.  Patent  law',  makes  plain  is  not  his  job. 
which  he  feels  have  developed  under  like  every  other  law  subjected  to  the  The  most  powerful  weapon  to 
the  umbrella  of  patent  privilege  and  cross-fire  of  bitterly  contested  liti-  curb  the  abuse  of  patents  under  any 
are  responsible  for  shortages  in  gation  gets  encrusted  with  useless  patent  law,  Mr.  Arnold  believes,  is 
many  basic  materials  today.  technicalities  and  should  be  brought  the  withdrawal  of  patent  rights  and 

The  dangers  ahead,  he  points  out,  up  to  date.  There  is  nothing  unusual  privileges.  He  says : 
are  even  greater  because  of  the  in  this.  The  basis  of  the  law  is  just  “As  I  have  often  stated,  I  believe 
enormous  industrial  expansion  due  — the  idea  of  protecting  inventors  the  remedy  lies  in  the  right  of  the 
to  the  war  and  the  possibility  that  and  those  who  have  money  invested  government  to  cancel  any  patent 
these  large  plants  may  fall  into  the  in  inventions.  As  provided  in  the  privilege,  if  the  owner  has  used  it 
hands  of  a  concentrated  group,  thus  Constitution,  the  purpose  of  the  pat-  as  an  instrument  of  business  policy 
opening  the  door  to  even  stronger  ent  system  was  ‘to  promote  the  prog-  to  dominate  the  market,  to  fix  prices 
cartel  combinations  after  the  war  ress  of  science  and  the  useful  arts,’  illegally,  or  to  destroy  independent 
is  ended.  with  w'hich  I  concur,  absolutely.’’  business.  To  this  end  there  must  be 

Mr.  Arnold  emphasizes  that  it  is  systematic  and  intelligent  prosecu- 

not  his  desire  to  wreck  the  present  Patents  Now  Most  Complex  tion,  certainly  more  of  a  penalty  than 

system,  but  rather  to  prevent  the  a  small  fine.  With  the  patent  intact, 

use  of  patents  as  weapons  to  destroy  To  show  how  the  problem  has  in-  the  aggressor  still  has  a  w’eapon  of 
independent  business.  creased  in  complexity,  Mr.  Arnold  potential  power.’’ 

“What  do  you  propose  to  do  about  explained  that  the  first  patents  were  “Do  you  favor  the  setting  up  of  a 
this  abuse  of  patents,  in  which  you  for  simple  gadgets,  reflecting  early  Patent  Commission  for  the  supervi- 
are  so  deeply  interested?”  Mr.  Arn-  stages  of  American  business  and  eco-  sion  of  Patents?” 
old  was  asked.  nomic  development.  For  instance,  “No.  I  have  a  distinct  distrust  of 

“Abuse  of  patents?  What  do  I  the  first  patent  on  the  books  of  the  too  much  government.  Also  I  feel 
propose  to  do?  Do  you  have  any  Commerce  Department,  issued  on  that  any  Commission  inevitably  takes 
idea  of  the  extent  of  this  abuse?  July  31,  1790,  w'as  for  making  “pot  on  the  color  of  that  w'ith  which  it 

What  it  has  done  to  the  manufacture  and  pearl  ashes.”  The  second  one,  deals.  No,  the  way  to  handle  the 

and  flow  of  commodities  in  peace  on  August  of  that  same  year  was  problem  is  by  making  the  principle 
time?  How  it  is  hindering  us  in  the  “for  manufacturing  candles,  flour,  of  the  Antitrust  laws  apply  to  the 
w’ar?  It’s  a  scandal — a  downright  meal.”  Shortly  afterwards  there  was  patent  privilege  just  as  it  does  to 
scandal,  which  should  not  and  cannot  a  patent  “for  punches  for  types,  etc.”  the  privilege  of  incorporation.  If  a 
be  tolerated.  Today  we  are  short  of  and  another  “for  propelling  boats  corporation  dominates  the  market  for 
magnesium,  optical  goods,  precision  by  cattle.”  any  commodity  it  may  be  dissolved, 

equipment,  machine  tools,  zinc,  and  Indicating  the  tremendous  develop-  If  a  patent  privilege  is  used  for  the 
rubber.  In  all  these  cases,  the  abuse  ment  of  patents  as  to  number  and  same  sort  of  domination  it  should  be 
of  the  patents  has  been  the  primary  the  processes  with  which  they  deal,  cancelled.  This  principle  should  be 

cause  of  the  shortage.”  Mr.  Arnold  points  out  that  in  1828,  applied  case  by  case.  As  long  a.s 

Then  he  stopped,  reached  for  his  the  climax  of  the  “gadget  era,”  all  there  is  an  abuse  centering  around  a 
desk  pad,  reflected  a  fevc  moments  inventions  for  which  patents  were  specific  case,  we  have  our  feet  on  the 
over  the  neat  little  square  he  had  issued  were  classified  under  15  major  ground  and  can  arrive  at  a  sensible 
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conclusion.  You  understand  that  the 
Department  of  Justice  has  no  powers 
over  patent  law’s.  Its  only  desire  is 
to  see  patents  operated  w’ithin  their 
legitimate  and  legal  orbit.  This  orbit 
is  not  decided  by  the  Antitrust  Di¬ 
vision,  but  is  a  matter  for  district 
courts,  circuit  courts,  and  the  Su¬ 
preme  Court.  Past  illegal  conduct  is 
penalized  through  criminal  pro¬ 
cedure,  which  serves  as  a  deterrent 
against  repetitions  of  such  conduct. 

I  believe  w’e  should  make  it  too 
hazardous  to  violate  the  law’.  In 
this  way  w’e  can  strengthen,  not  tear 
down  the  patent  system. 

“If  a  corporation  finds  itself  grad¬ 
ually  getting  control  of  a  commodity, 
a  procedure  should  be  set  up  whereby 
it  could  submit  its  patent  licensing 
policy  to  the  Department  of  Justice, 
in  advance.  It  seems  fair  that  there 
should  be  the  right  to  enjoin  w’ith- 
out  penalty  or  cancellation  of  the 
patents.” 

As  for  the  inventor,  Mr.  Arnold 
feels  that  he  always  has  had  hard 
going,  and  should  have  more  material 
recognition  of  his  contribution.  The 
inventor  rarely  owns  the  patent;  he 
is  usually  an  employee.  Market  dom¬ 
ination  is  not  primarily  for  his  bene¬ 
fit  nor  to  increase  royalties,  but  as 
an  instrument  of  business  policy.  The 
more  the  abuses  of  patents  are  over¬ 
come,  the  more  he  stands  to  receive 
from  royalties.  Since  the  character 
of  invention  has  completely  changed, 
Mr.  Arnold  thinks  that  possibly  the 
inventor  should  be  subsidized  by 
government  research  facilities.  At 
any  rate,  he  says  that  the  inventor 
need  have  no  fear  from  the  present 
Antitrust  program — “not  until  the 
Board  of  Director  Rooms  of  these 
large  corporations  have  test  tubes 
and  cyclotrons!” 

For  years  the  field  of  electronics 
has  been  one  of  the  most  fruitful 
preserves  for  patent  exploitation,  Mr. 
Arnold  believes.  He  cites  radio  as 


System 


Arnold's  Views  on  Patents  Clarified 

IN  RECENT  issues  oi  The  Atlantic  Monthly.  Thurman  W. 

Arnold.  Assistant  Attorney  General  of  the  United  Slates, 
published  several  articles  under  the  general  title  “The  Abuse 
of  Patents”.  These  articles  and  other  statements  by  Mr.  Arnold 
have  created  widespread  discussion.  In  this  interview  with 
ELECTRONICS'  editors,  Mr.  Arnold  states  that  the  fulfillment 
of  the  policies  he  advocates  wall  correct  present  abuses  of 
patents,  and  that  the  correctives  he  proposes  will  react  to 
the  advantage  of  the  inventor. 

On  following  pages  will  be  found  statements  from  people 
on  the  other  side  of  the  fence;  from  those  who  believe  sufficient 
safeguards  are  now  available,  that  changes  to  the  present 
patent  system  are  not  advisable.  “ 

Since  electronics  is  a  young  industry,  the  role  to  be  played 
by  inventors  is  most  imp>ortant  and  whatever  affects  the  patent 
system  of  the  United  States  will  affect  inventors. 


an  illustration  of  patent  difficulties. 

“It  w’as  a  reality  in  1907  w’hen  De 
Forest  invented  his  vacuum  tube,  yet 
35  years  later,  over  twice  the  period 
of  the  patent  grant,  it  is  still  monopo¬ 
lized  by  patents.  The  history  of  the 
industry  is  one  of  constant  patent 
litigation,  by  means  of  which  large 
corporations  have  been  able  to  elimi¬ 
nate  smaller  ones  or  encompass  them 
into  the  sphere  of  their  control.  The 
industry  has  been  the  subject  of 
Antitrust,  public  and  private.  Al¬ 
though  initially  the  pooling  of  pat¬ 
ents  in  this  field  may  have  been  to 
break  an  impasse,  it  developed  into 
a  situation  where  a  few’  large  cor¬ 
porations  divided  fields  into  non¬ 
competitive  areas,  gained  control 
over  the  electronic  indiustry  far  be¬ 
yond  the  scope  of  their  patents.  And 
yet  all  this  happened  in  an  industry 
which  has  a  more  liberal  licensing 
policy  than  we  find  in  many  cases.” 

If  the  government  attempts  to  tell 
a  manufacturer  how’,  when,  where 
and  at  what  price  to  sell  an  article, 
the  business  man  rebels  and  makes 
an  accusation  of  government  dicta¬ 


torship,  Mr.  Arnold  contends.  He 
goes  on  to  say  that  this  is  healthy 
opposition.  Yet  he  asserts  that  cor¬ 
porations  can  do  this  very  thing. 
For  example,  the  ownership  of  pat¬ 
ents  dominates  the  manufacture  and 
sale  of  incandescent  lamps.  Accord¬ 
ing  to  Mr.  Arnold,  the  patents  hold¬ 
ers  fix  quotas  of  licencees,  price  of 
lamps  to  be  sold  to  wholesaler  and 
retailer,  all  of  which  it  covers  under 
the  guise  of  “agency,”  and  with  this 
power  can  practically  determine  to 
w’hom  lights  shall  be  sold. 

“When  such  restrictions  can  be 
imposed  on  the  public,  I  feel  it  is  an 
illegal  use  of  the  patent  privilege. 
Furthermore,  with  this  power,  I  feel 
there  has  been  a  conspiracy  to  re¬ 
strict  the  production  of  electric 
lighting.” 

Mr.  Arnold  w’axes  wrathful  when 
he  discusses  the  manipulation  of  pat¬ 
ents  for  the  building  of  cartels  which 
he  believes  in  turn  are  used  and  can 
be  used  to  control  the  production 
and  prices  of  certain  necessities  of 
life. 

(Continued  on  page  158) 
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Rebuttal  to  ARNOLD 


Because  of  his  position  as  As¬ 
sistant  Attorney  General  of 
the  United  States,  his  dramatic 
handling  of  situations  and  his  un¬ 
doubted  flair  for  publicity,  Thurman 
W.  Arnold  has  occupied  the  center 
of  the  stage  in  the  current  patent 
controversy. 

This  does  not  mean  however  that 
he  has  the  stage  to  himself  nor  that 
he  has  won  the  battle.  Against  him 
and  his  theories  of  patent  law  reform 
are  almost  solidly  aligned  the  lead¬ 
ers  of  patent  law  in  America,  the 
leaders  of  industry  and  many  of  the 
outstanding  pioneers  in  the  field  of 
modern  American  invention. 

This  group  is  strongly  opposed  to 
hasty  legal  reforms  on  the  ground 
that  such  reforms  might  well  under¬ 
mine  the  patent  system  itself  and  at 
the  same  time  place  a  heavy  discount 
on  inventive  genius  for  the  future 
by  depriving  the  patentee  of  the  re¬ 
wards  accruing  from  patents  or  by 
discouraging  financial  aid  for  the 
commercial  development  and  proper 
exploitation  of  patents. 

Against  hasty  action  one  argu¬ 
ment  in  particular  is  forcefully  ad¬ 
vanced,  namely  that  no  general  over¬ 
hauling  of  the  patent  system  should 
be  undertaken  until  the  Patent  Plan¬ 
ning  Commission  established  by 
President  Roosevelt  on  December  12, 
1941  has  submitted  its  report  under 
the  comprehensive  directive  of  the 
Chief  Executive.  The  report  of  the 
Commission  will  take  cognizance  of 
post-war  conditions  as  regards  the 
position  of  American  industry  and 
interrelated  patent  problems — na¬ 
tional  and  international.  This  last 
consideration  alone,  it  is  contended, 
should  preclude  any  piecemeal  tink¬ 
ering  with  the  patent  structure  at 
this  time. 

The  Commission  is  composed  of 
the  following:  Dr.  Charles  F.  Ket¬ 
tering,  Chairman,  Vice  President  of 
the  General  Motors  Corporation  and 
Chairman  of  the  National  Inventor’s 
Council;  Owen  D.  Young,  former 
Chairman  of  the  Board  of  General 
Electric  Company;  Chester  C.  Davis, 
President,  Federal  Reserve  Bank  of 


St.  Louis;  Edward  F.  McGrady,  for¬ 
mer  Assistant  Secretary  of  Labor; 
and  Charles  P.  Gaines,  President  of 
Washington  and  Lee  University.  It 
will  be  readily  noted  that  the  Com¬ 
mission  is  representative  of  inven¬ 
tors,  industry,  finance,  agriculture, 
labor,  and  the  general  public — all  of 
whom  have  a  vital  stake  in  an  ef¬ 
ficient  and  progressive  patent  sys¬ 
tem.  The  investigation  work  is  being 
done  under  the  direction  of  Dr. 
Audrey  A.  Potter,  Dean  of  Purdue 
University. 

“Why”,  ask  Mr.  Arnold’s  critics, 
“take  one  man’s  opinion  as  to  what 
should  be  done  to  the  patent  system 
through  legislation  or  otherwise, 
pending  the  considered  findings  of 
this  distinguished  group?” 

Mr.  Arnold,  however,  has  refused 
to  wait.  Scores  of  bills  that  would 
radically  change  the  patent  struc¬ 
ture  are  now  pending  before  Con¬ 
gress  and  several,  including  three 
of  the  most  important  of  them,  bears 
the  imprint  of  the  Assistant  Attor¬ 
ney  General  and  his  colleagues  in 
the  Anti-trust  Division  of  the  De¬ 
partment  of  Justice.  It  is  significant 
that  neither  the  Department  of  Com¬ 
merce,  which  is  charged  with  the 
welfare  of  industry,  nor  the  patent 
office  are  in  any  way  connected  with 
the  major  pending  legislative  pro¬ 
posals.  One  of  these  is  a  war  measure 
designed  to  enable  the  government 
to  use  all  patents  for  the  effective 
conduct  of  war  industry.  The  need 
for  such  an  amendment  to  the  exist¬ 
ing  law  is  far  from  being  generally 
accepted,  since  it  is  contended  that 
under  the  war  powers  and  under 
specific  enactments  by  former  Con¬ 
gresses,  the  government  can  use  all 
patents.  Two  of  the  pending  bills, 
however,  are  of  a  permanent  nature 
and  it  is  around  them  and  the  drastic 
changes  thej’^  contemplate  that  the 
main  controversy  rages.  One  of  the 
bills  in  question  proposes  compul¬ 
sory  licensing  and  unrestricted 
licensing,  both  features  to  be  retro¬ 
active  as  regards  patents  heretofore 
granted,  and  all  rights  and  arrange¬ 
ments  made  under  them.  The  other 


measure,  it  is  contended,  would  vir¬ 
tually  establish  Mr.  Arnold,  or  who¬ 
ever  should  happen  to  head  the  Anti¬ 
trust  Division  of  the  Department 
of  Justice  as  a  virtual  czar  over  the 
entire  patent  structure  in  the  United 
States,  making  the  Division  a  party 
to  all  infringement  suits  and  calling 
for  the  cancellation  of  patents  under 
conditions  set  forth  in  the  bill.  This 
provision  of  cancellation  of  patent 
rights  is  of  the  greatest  importance 
because  it  is  in  line  with  Mr.  Arnold’s 
pet  theory  that  a  patent  is  a  franchise 
issued  by  government  and  subject 
to  revocation  rather  than  a  property 
right  protected  by  constitutional 
guarantees. 

Action  on  this  body  of  proposed 
legislation  is  temporarily  suspended, 
but  it  is  the  confirmed  opinion  of 
the  opponents  of  Mr.  Arnold’s  re¬ 
form  theories  that  there  is  enough 
dynamite  in  the  proposed  legislation 
to  shake  the  patent  system  to  its  very 
foundations. 

Win  the  War  First 

The  all  important  consideration 
at  the  moment  in  the  opinion  of 
Conway  P.  Coe,  U.  S.  Commissioner 
of  Patents,  is  not  the  amendment  of 
patent  laws  but  the  effective  use  of 
patents  for  the  prosecution  of  the 
war,  the  encouragement  of  new 
patents  and  the  preservation  of  the 
present  structure  for  the  future 
benefit  of  the  country.  In  a  state¬ 
ment  specially  prepared  for  Elec¬ 
tronics,  Commissioner  Coe  has  this 
to  say:  “Patents  are  both  the  in¬ 
centive  and  the  reward  of  invention. 
In  its  turn,  invention  is  the  stimulus 
to  material  progress,  as  the  framers 
of  the  Constitution  intended  it 
should  be.  Down  through  fifteen  de¬ 
cades  the  millions  of  our  people  have 
benefited  by  the  inspiration  and  pro¬ 
tection  they  have  afforded  to  the 
inventors  whose  genius  has  given 
the  United  States  industrial  pre¬ 
eminence  and  preponderance.  Every 
section  of  our  population  and  every 
region  of  our  country  has  profited 
by  the  products  of  our  inventors. 

“Inventions  are  more  indispensible 
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in  this  crisis  of  war  than  they  have 
been  in  the  decades  of  peace.  They 
are  meeting  the  daily  needs  of 
manufacture,  agriculture,  commerce, 
transportation  and  communication. 
They  are  vital  to  our  armament  on 
land,  at  sea  and  in  the  air,  at  home 
and  abroad,  that  we  may  defeat  our 
enemies  and  preserve  our  independ¬ 
ence  and  our  liberties.  VVe  are  now 
fighting  our  foes  with  hundreds  of 
American  inventions.  Others  are 
coming  to  us  daily  from  the  minds 
of  American  inventors  who  are  at 
once  spurred  by  patriotism  and  re¬ 
compensed  by  patents. 

“The  lesson  taught  by  these  his¬ 
toric  facts  is  that  we  should  be 
thankful  for  the  system  that  has 
done  so  much  for  us  in  peace  and 
that  assures  to  us  still  more  in  war. 
And  our  gratitude  should  prompt 
the  preservation  of  that  system  for 
the  future.” 

One  of  the  best  known  patent 
authorities  in  the  United  States. 
Karl  Penning*  feels  very  much  the 
same  way  as  does  Mr.  Coe  on  the 
inadvisability  of  experimentation  or 
innovations  at  this  time. 

“Before  endeavoring,”  he  said,  “to 
determine  what,  if  any,  changes  or 
controls  should  be  placed  on  patents 
it  is  necessary  to  determine  what 
economic  system  or  theory  is  to  be 
the  basis  of  our  industry  after  the 
war.  If  we  are  to  have  a  regimented 
industry  we  may  need  cartels  such 
as  Germany  has  and  so  we  may 
adopt  from  the  German  patent  law 
the  compulsory  licenses  which  are 
being  advocated.  If  not,  it  seems 
unnecessary  to  copy  Germany  in  that 
or  any  other  respects.  Probably 
compulsory  licenses  under  United 
States  patents  will  be  unconstitu¬ 
tional. 

“The  President  has  appointed  'a 
Patents  Planning  Commission  to 

•  PormPF  .\ssiotant  I'liiniiiissiuniT  I’affiits  ; 
Sn*-cinl  .\RKiFtaiit  .Vttorno.v  fl«'n*“ral  of  I'  S, 
1925-1928;  Editor  U.  S.  Vatrntn  Quartvrly 
aince  1929;  I’rofeosor  I’atont  Law.  (ioors4‘- 
town  University;  Ohairniaii  National  Coni 
mlttee  on  Patent  lA'^islatioii  10  years;  ('liair 
man  Legislative  ('oniiiiittee  National  Council 
of  Patent  Imw  .\ssoc.  Member  .Vilvisory  Conn 
eil.  Committee  on  Patents.  V.  S.  House  of 
Rejiresen  tat  Ives. 


Change  in  Patent  System  Not  Advisable 

Many  arguments  are  brought  up  by  those  who  disagree 
with  Mr.  Arnold.  Among  them  are  some  that  are  time- 
honored,  since  the  patent  system  has  been  under  attack  ofl- 
and-on  for  many  years.  Now  is  not  the  time  to  revise  the 
system,  some  say.  but  rather  let  us  win  the  war  first.  Proposals 
will  harm  the  inventor,  according  to  others,  who  feel  that  the 
inventor  should  be  free  to  deal  as  he  wishes  with  the  patent 
he  secures  for  an  invention.  Repeated  investigations  have 
failed  to  disclose  actual  instances  of  patents  being  withheld 
from  active  use.  say  others;  and  still  other  arguments  against 
Mr,  Arnold's  proposals  revolve  around  the  belief  that  the 
present  Anti-trust  laws  are  adequate  to  protect  the  people 
from  unlawful  abuse  of  the  patent  system. 


determine  what,  if  anything,  can 
be  done  to  better  adapt  inventions 
and  patents  to  the  situation  after 
the  war.  It  will  be  well  to  await  the 
Commission’s  report  before  amend¬ 
ing  the  patent  laws  rather  than  act 
on  the  suggestion  of  any  one  man. 
There  is  no  necessity  for  amendment 
of  the  patent  laws  becau.«e  of  war 
inasmuch  as  the  United  States  can 
in  its  .sovereign  power  do  anything 
it  desires  without  regard  to  the 
presence  or  absence  of  patents.’’ 

What  About  the  Inventor? 

The  fate  of  the  inventor  under 
some  of  the  reforms  advanced,  such 
for  example  as  withdrawal  or  can¬ 
cellation  of  patent  rights  and  the 
subsequent  scaring  away  of  capital 
is  causing  camsirierable  apprehen¬ 
sion.  In  a  recent  study  made  by  the 
National  Association  of  Manufac¬ 
turers,  it  was  shown  that  out  of  712 
inventors,  lack  of  financial  support 
was  found  to  be  the  inventor’s  great¬ 
est  obstacle. 

"In  general’’,  said  Mr.  Penning, 
"our  present  patent  laws  are  admir¬ 
ably  adapted  to  encourage  the  poor 
man  who  has  invented  .something 
entirely  new  to  benefit  the  public.  The 
occasional  improper  use  should  not 
cause  a  fundamental  change  from 
the  constitutional  ‘exclusive  right’ 
granted  the  inventor.  He  should  be 
free  to  deal  with  his  invention  as 
he  thinks  best  without  Governmental 
contact — even  by  getting  the  De¬ 
partment  of  Justice  to  approve  in 
advance  his  business  arrangements. 

“The  best  way  to  incite  to  inven¬ 


tion  is  to  show  a  need  for  invention. 
When  something  new  is  developed 
and  patented  every  competitor  wants 
to  enter  the  same  field.  If  the  patent 
is  strong  and  clo.sely  held,  the  com¬ 
petitor  must  produce  an  invention 
of  his  own  to  compete,  but  if  he  can 
get  a  compulsory  license  there  is  no 
incentive  to  invent  a  competing  de¬ 
vice.  Thus  when  one  method  of  pro¬ 
ducing  magnesium  was  patented,  an¬ 
other  method  of  producing  magnes¬ 
ium  was  invented  and  magnesium 
is  now  being  produced  by  both 
methods. 

"No  one  will  invest  the  needed 
time,  work  and  capital  in  developing 
a  new  invention  if  the  patent  is 
hedged  in  so  as  to  give  no  protec¬ 
tion,  and  even  then  is  subject  to 
cancellation  if  it  protects  the  new  in¬ 
fant  industry.  Dr.  Alexander  Graham 
Bell,  the  inventor  of  the  telephone, 
in  commenting  on  the  Stanley  bill 
proposing  compulsory  licensing, 
stated  in  a  letter  of  April  12,  1922 
that : 

“‘It  is  almost  too  obvious  for  com¬ 
ment  that  the  existence  of  such  a 
law  would  make  it  practically  im¬ 
possible  for  the  inventor  to  obtain 
capital.  I  cannot  think  of  any¬ 
thing  more  effectively  designed 
for  the  discouragement  of  inventive 
genius.*  ’’ 

Commissioner  Coe  feels  that  pat¬ 
ent  protection  is  a  basic  requirement 
to  secure  to  the  public  the  commer¬ 
cial  develoiiment  accruing  from  pat¬ 
ents.  “Speculative  capital”,  he  said, 
“will  not  back  new  inventions  with¬ 
out  patent  protection.” 

{ContiinH'd  oil  iKigo  lB(i) 
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Sounds  made  by  industrial  and  other  equipment  may  be  accurately  recorded  in  the  field 
on  instantaneous  discs  and  brought  back  to  the  laboratory  for  analysis.  Cutting  and 
playback  apparatus  is  described  in  detail.  A  moving  film  camera  operated  in  conjunction 
with  an  oscilloscope  and  a  sound  analyzer  automatically  plots  the  frequency  spectra 


Recording  MACHINERY  NOISE 

By  H.  D.  BRAILSFORD 


Noise  characteristics  of  ma¬ 
chinery  installed  out  in  the  field 
must  frequently  be  studied  during 
engineering  investigations  requiring 
oscillographic  observation,  frequency 
analysis  and  sometimes  auditory 
comparison  of  two  or  more  machines 
as  well  as  the  usual  overall  sound 
level  or  vibration  readings. 

In  only  a  limited  number  of  cases 
is  it  possible  to  secure  all  of  the  fore¬ 
going  data  on  the  job.  While  sound 
level  and  vibration  meters  are  port¬ 
able,  the  equipment  necessary  to  re¬ 
cord  frequency  spectra  and  oscillo¬ 
graphic  data  does  not  lend  itself 
so  readily  to  field  use  and  it  is,  of 


course,  quite  impossible  to  make 
aural  comparisons  between  the 
noises  of  two  or  more  machines  at 
different  locations.  In  other  cases 
the  sounds  or  vibrations  under  in¬ 
vestigation  do  not  continue  for  a 
long  enough  period  to  permit  a  con¬ 
tinuous  sweep  of  the  complete  fre¬ 
quency  range. 

A  research  recently  undertaken 
by  Underwriters’  Laboratories,  Inc., 
involved  a  detailed  study  of  the  noise 
and  vibration  of  machines  installed 
in  the  field  at  widely  distributed  lo¬ 
cations.  The  problem  was  solved  by 
transcribing  the  noise  and  vibration 
on  instantaneous  discs  which  were 


A 


Fig.  2 — Oscillograms  of  the  playbacks 
irom  a  4000  cps  cut  made  (A)  with  com¬ 
mercial  tension-spring  depth-oi-cut  control 
and  (B)  advance-ball  control 


subsequently  returned  to  the  Lab¬ 
oratory  for  study.  A  cathode-ray 
oscilloscope  operating  in  conjunction 
with  a  moving  film  camera  and  com¬ 
mercial  sound  analyzer  was  used  to 
plot  the  frequency  spectra.  It  is 
the  purpose  of  this  paper  to  de¬ 
scribe  the  apparatus  and  technique. 

Recording  Equipment 

"Portable  disc  recording  equipment 
in  recent  years  has  been  developed  to 
an  excellent  degree,  insofar  as  the 
reproduction  of  speech  and  music  is 
concerned.  Quantitative  analysis, 
however,  imposes  somewhat  more 
stringent  requirements  upon  the 
equipment.  For  the  most  part,  regu¬ 
larly  available  commercial  equipment 


Fig.  1 — Two  views  of  a  commercial  cutting  head  with  advance-ball  attachment  added 
to  insure  uniformity  of  depth-of-cut 
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Field  equipment  consists  of  a  microphone, 
two  stages  oi  a  sound  level  meter  used  as 
a  pre-ompliiier.  a  single-ended  recording 
amplifier  incorporating  feedback  and  an 
instantaneous  disc  recording  mechanism 
with  a  modified  cutting  head 


CHARACTERISTICS 


was  found  suitable.  In  describing 
specifically  the  apparatus  selected 
the  author  does  not  wi.sh  to  be  con¬ 
strued  as  implying  that  other  types 
might  not  prove  equally  adaptable 
to  the  purpose.  Conversely,  the 
alterations  detailed  are  not  intended 
to  reflect  criticism  upon  commercial 
design. 

Turntable — The  turntable  se¬ 
lected  was  the  Presto  Type  75-A, 
a  light  and  compact  unit  having 
good  speed  regulation  and  low  back¬ 
ground  noise.  This  machine  has  a 
16  in.  cast  aluminum  turntable, 
rim-driven  by  a  small  synchronous 
motor.  It  may  be  operated  at 
either  33i  rpm  or  78  rpm.  The 
cutter  driving  mechanism  is  of  the 
tangential  enclosed  type,  cuts  112 
lines  to  the  inch  and  may  be  en¬ 
gaged  to  cut  either  inside-out  or 
outside-in.  It  was  found  that  w’hen 
cutting  at  33i  rpm  from  inside  out, 
no  attention  w’as  required  to  pre¬ 
vent  the  thread  from  fouling  the 
stylus.  The  overall  response  of  the 
equipment  was  therefore  calibrated 
for  this  method  of  operation  and 
all  recordings  were  so  made. 

Cutter  Head — The  Presto  Type 
1-C  head  supplied  with  the  turn¬ 
table  was  found  quite  adequate 
when  used  in  conjunction  with  a 
suitable  recording  amplifier.  The 
method  of  suspension  and  adjust¬ 
ment  for  cutting  depth,  however, 
required  some  modification. 

On  this  commercial  unit  the  cut 
is  regulated  by  the  tension  adjust¬ 
ment  of  a  small  spiral  spring  which 


operates  to  oppose  the  pull  of  grav¬ 
ity  on  the  cutter  head.  It  was  found 
that  if  a  disc  were  at  all  out  of  hori¬ 
zontal,  an  uneven  depth  of  cut 
would  result  on  opposite  sides  of 
the  record.  Such  a  recording,  when 
played  back,  showed  objectionable 
fluctuation  in  amplitude,  particu¬ 
larly  at  the  higher  frequencies.  For 
example,  a  12  in.  disc  in.  out  of 
horizontal  showed  amplitude  fluc¬ 
tuations  of  the  order  of  2  to  3 
db  at  frequencies  of  4000  to  5000 
cycles.  Another  disadvantage  of 
the  tension  spring  when  using  this 
equipment  for  quantitative  analysis 
is  that  depth  of  cut  is  in  part  a 
function  of  the  groove  velocity, 
tending  to  increase  as  the  velocity 
increases,  that  is,  as  the  cutter 
approaches  the  outside  of  the  disc. 
An  improvement  in  performance 
was  attained  by  fitting  an  advance- 
ball. 

The  advance-ball  attachment  con¬ 
sists  essentially  of  a  bracket 
clamped  to  the  rear  of  the  cutter 
head  by  the  two  mounting  crevrs. 
The  bracket  carries  a  pivoted  arm 
capable  of  vertical  adjustment  by 
means  of  a  machine  screw'.  The 
adjustable  arm  supports  a  short 
vertical  sapphire  cylinder  approxi¬ 
mately  0.06  in.  in  diameter,  the 
lower  end  of  which  is  rounded  and 
highly  polished.  The  sapphire  ball 
is  positioned  diagonally  ahead  of 
the  cutting  stylus  at  a  center-to- 
center  distance  of  approximately 
in.  The  spring  was  retained  as  a 
counterbalance  to  control  the  load¬ 
ing  on  the  advance  ball. 


Laboratory  equipment  comprises  a  special 
playback  pickup  pictured  elsewhere,  an 
equalizer  and  turntable,  the  sound  level 
meter  again  used  as  a  pre-ompliiier  and 
the  sound  analyzer,  moving  film  camera 
and  DuMont  oscilloscope  shown  here 


The  construction  of  such  an  at¬ 
tachment  presents  no  great  ditticul- 
ties  and  the  fundamental  mechani¬ 
cal  details  are  shown  in  Fig.  1. 
The  most  important  requirements 
are:  first,  the  attachment  should  be 
sufficiently  rigid  to  prevent  any  vi¬ 
bration  of  the  ball  supporting 
members  and,  second,  the  advance 
ball  itself  should  be  positioned  as 
close  as  possible  to  the  cutting 
stylus.  The  improvement  in  per¬ 
formance  is  illustrated  in  Fig.  2, 
which  is  an  oscillogram  of  the  play¬ 
back  from  a  4000  cps  cut  made 
without  the  advance  ball  .4  and 
with  the  advance  ball  B. 

Dural-shank  sapphire  cutting 
stylii  were  used.  With  rea.sonable 
care  these  points  have  a  very  satis¬ 
factory  life. 

Recording  Amplifier — The  record¬ 
ing  amplifier  w’as  of  the  single- 
ended  feedback  type  and  the  funda¬ 
mental  circuit  is  one  developed  by 
Abend’  in  w'hich  the  feedback  volt¬ 
age  is  taken  from  the  secondary  of 
the  output  transformer.  In  this 
writer’s  opinion,  feedback  ampli¬ 
fiers  are  definitely  desirable  for 
recording  since  they  have  an  inher¬ 
ent  tendency  to  suppress  resonant 
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Fig.  3 — Light-patterns  on  two  freguency  records  mode  by  the  same  cutter,  the  one  at 
the  left  through  the  single-ended  amplifier  discussed  in  the  text  ond  the  one  at  the 
right  through  a  commercial  push-pull  amplifier  without  feedback 


peaks  in  the  cutter  head  as  well  as 
improve  the  impedance  match  be¬ 
tween  cutter  and  amplifier  through¬ 
out  the  frequency  range. 

The  light-pattern  on  two  fre¬ 
quency  records  made  by  the  same 
cutter  is  shown  in  Fig.  3.  The  one 
on  the  right  was  cut  with  a  commer¬ 
cial  push-pull  amplifier;  that  on  the 
left  with  the  single-ended  feedback 
amplifier  of  Fig.  4.  The  cutting 
conditions  were  identical  for  both 
discs.  Note  the  excellent,  nearly 
flat  response  from  200  to  7000  cps 
secured  with  the  feedback  amplifier, 
whereas  the  push-pull  unit  shows 
an  almost  straight  line  decline  in 
this  range  due  to  the  rising  imped¬ 
ance  of  the  cutter  windings  with 
frequency.  The  feedback  amplifier, 
operating  at  about  90  db  in  the  200- 
7000  cps  range,  is  down  3  db  at  100 
cps  and  9  db  at  50  cps. 

A  sound  level  meter,  needed  in 
the  field  for  overall  sound  level 
readings,  was  used  as  the  recording 
preamplifier,  a  somewhat  unusual 
arrangement  so  far  as  this  writer 
is  aware  but  one  that  has  proven 
extremely  satisfactory.  An  outlet 
jack  -was  installed  in  the  sound 
level  meter  between  the  second  and 
third  amplifier  stages  as  shown  in 
block  diagram.  Fig.  5.  Tw’o  stages 
of  hum-free  preamplification  w’ere 
thus  provided,  plus  microphone 
pickun  facilitio^.  without  extra 
apparatus. 

Playback  Considorat-ons 

Playback  or  reproduction  from 
instantaneous  discs,  particularly  in 
the  upper  frequency  range,  is  a 
more  difficult  process  than  a  cur¬ 
sory  review  of  general  literature  on 
the  subject  might  lead  one  to  be¬ 
lieve.  The  cellulose  nitrate  coat¬ 
ing  of  discs  on  which  the  sound 
track  is  engraved  has  two  physical 


properties  which  impose  definite 
limitations  upon  the  playback  de¬ 
vice  and  these  are  important  in  the 
application  under  discussion. 

The  first  limitation  comes  about 
because  the  coating  is  relatively 
soft.  When  the  reproducer  stylus 
rests  upon  the  disc  the  coating 
undergoes  elastic  deformation  until 
a  sufficient  area  is  in  contact  with 
the  .stylus  to  support  the  weight. 
If  the  deformation  does  not  exceed 
the  elastic  limit  of  the  lacquer,  the 
latter  returns  to  its  original  shape 
upon  removal  of  the  load.  If  the 
unit  pressure  exceeds  the  elastic 
limit  of  the  coating,  a  permanent 
dent  will  be  left  upon  removal  of 
the  stylus.  The  particular  discs 
selected  for  use  were  tested  by 
applying  a  reproducer  stylus  with  a 
standard  2.2  mil  nose  sapphire 
under  different  bearing  loads  while 
the  blanks  were  rotating  on  the 
turntable  and  noting  the  pressure 
at  w’hich  a  visible  mark  w’as  left 
upon  the  surface.  This  became  ap¬ 
parent  at  bearing  loads  of  the  order 
of  20  grams. 


The  second  disc  limitation  re¬ 
ferred  to  relates  to  the  elasticity  or 
compliance  of  the  lacquer  coating. 
A  lateral  reproducer  stylus  resting 
in  a  groove  as  in  Fig.  6  may  be 
considered  a  vibrating  system  con¬ 
sisting  of  mass  M  and  compliance 
C-Ci,  in  which  the  effective  mass  at 
the  stylus  point  of  the  vibrating 
system  and  the  resiliency  of  the 
record  material  form  the  constants. 
This  system  will  have  a  resonant 
frequency,  which  is  a  function  of  M 
and  C-C,.  It  is  to  be  expected  that 
at  this  frequency  a  peak  will  result, 
beyond  w’hich  response  will  decline 
rapidly  because  the  relative  mo¬ 
tion  of  the  stylus  and  the  lacquer 
groove  will  have  ^  reversed,  the 
former  remaining  comparatively 
stationary  and  the  latter  vibrating. 
This  phenomenon  does  not  appear 
to  have  received  the  rigorous  analy¬ 
sis  its  importance  deserves.  Other 
than  a  recent  brief  mention  by 
Lynn*,  the  author  has  been  unable 
to  find  any  published  material  con¬ 
cerning  this  effect. 

Reproducer — For  the  investiga¬ 
tion  mentioned  it  was  desired  to 
have  a  reasonably  flat  overall  re¬ 
sponse  characteristic  ranging  from 
about  50  cps  to  approximately  6000 
cps.  Commercially  available  units, 
with  which  this  writer  is  familiar 
did  not  seem  to  possess  satisfactory 
characteristics  for  this  special  pur¬ 
pose.  The  lightest  reproducers  of¬ 
fered  appeared  to  have  stylus  load¬ 
ings  of  the  order  of  30  to  90  grams. 
One  commercial,  reproducer  of  the 
30  gram  class  was  tested  and  its 
response  was  found  to  fall  off 
badlv  at  about  3000  cps  on  a  lacquer 


Fig.  4 — C  rcuit  diagram  of  single-snded  recording  amplifier  incorporating  feedback. 
Two  stages  of  a  sound  levei  meter  are  used  as  a  pre-amplifier 
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Feed  back 
AmpliFier 


Fig.  6 — When  playing  back  lacquer-coated  discs  the  system  will 
have  a  resonant  frequency  dependent  upon  the  stylus  point  mass 
M  and  the  elasticity  at  points  C  and  Ci 


Fig.  5 — Block  diagram  of  field  recording  setup,  showing  position 
of  auxiliary  lack  in  sound  level  meter  permitting  two  stages  to 
be  used  as  a  pre-amplifier 


brmance  wa.s  ance  match.  A  one-turn  dynamic  jriven  in  curve  B  of  Fig.  8.  For 
ecords.  reproducer  would  have  an  imped-  playback  the  reproducer  output  is 

I  reproducers  ance  of  the  order  of  a  fraction  of  connected  through  an  equalizer  net- 
having  light  an  ohm,  whereas  the  magnetic  was  w’ork  directly  into  the  sound  level 
ght  vibrating  in  this  case  wound  to  an  impedance  meter.  The  w’ave  analyzer  is  con- 
eloped  in  lab-  of  50  ohms,  which  matched  several  nected  to  the  output  of  the  sound 
cribed  in  va-  of  the  stock  transformers  available,  level  meter  in  conventional  fashion 
A  special  re-  Although  the  upper  frequency  limit  when  .setting  up  for  analysis, 
i  constructed,  for  the  unit  eventually  employed 

gn  is  one  de-  happened  to  suffice  for  the  immedi-  Overall  Response 

by  Fleming.*  ate  purpose,  data  at  hand  indicate  The  equalizer  network  comprises 
g  system  con-  a  matching  transformer  (50  ohms 

ature  of  rec-  grid),  the  usual  resistance-capac- 

pivoted  at  its  itance  network  to  flatten  response 

3ve  vertically  yp  region  of  resonance  and 

to  the  The 

its  given  by  constants  of  this  network  are  not 

1.  The  arma-  given  since  they  are  a  function  of 

weight  of  ap-  ^  ^  ^  ^  the  characteristics  of  the  matching 

•ams,  the  gap  transformer  used.  The  resonant 

vas  0.050  in.  circuits  are  quite  critical  in  adjust- 

interbalanced  ment.  The  inductances  were  pro- 

essure  of  18  vided  with  Allegheny  Electric  metal 

d.  The  reso-  BHIHHiflllllllHiiHHHIIH  cores  having  an  gap  and  the 
discussed  oc-  final  calibration  made  by  adjusting 

n  the  lacquer  the  gap. 

ps  on  a  viny-  should  be  pointed  out  that  the 

econd  model,  overall  calibration  of  this  .system 

•(  constructed.  is  in  part  a  function  of  the  particu- 

record  used,  both  as 

and  the  base  and  the 

ms.  The  An  calibration 

reduced  to  made  flat  for  an  iron  base  disc  was 

1  was  counter-  ‘is  much  as  8  db  out  w'hen  a  fre- 

a  pressure  of  (piency  run  was  cut  on  a  glass  base 

is  illustrated  disc  said  to  be  coated  with  the  same 

formula.  It  has  been  the  writer’s 
experience  that  discs  of  the  same 
grade  and  manufacture  are  uni¬ 
form  to  a  very  reasonable  degree, 
that  no  great  difficulty  would  be  en-  Calibration  checks  were  made  each 
countered  in  building  a  reproducer  time  a  new  batch  was  purchased 
of  this  design  to  extend  to  8,000  but  it  has  not  been  found  necessary 
cps  and  perhaps  higher  on  install-  to  change  the  equalizer  network 
taneous  discs.  up  to  this  writing. 

The  overall  response  character-  Discs  have  a  very  reasonable  life 
istics  of  the  playback  system  are  when  played  back  under  the  condi- 


Fig.  7 — Open  and  closed  views  oi  Ihe 
special,  lightweight  magnetic  pickup  unit 
built  by  the  author 
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.  8 — Orerall  response  characteristics  of  playback  system. 
Calibration  is,  in  part,  a  function  of  the  type  of  disc  used 


Fig.  9 — Comparison  of  cutter  output  voltage  waveform  and  play¬ 
back  output  voltage  waveform 


tions  described.  One  frequency  inside  of  the  record.  This  effect, 
record  was  cut  and  allowed  to  age  which  is  due  to  the  fact  that  the 
for  a  period  of  five  months,  during  stylus  tip  has  a  finite  radius,  has 
which  time  approximately  50  play-  been  adequately  covered  in  pre- 
backs  were  made.  A  response  curve  vious  literature  on  the  subject." 
was  then  plotted  and  compared  to  Attachments  are  available  for 
a  freshly  cut  disc.  It  will  be  noted  automatically  changing  the  fre- 
in  curves  A  and  B  of  Fig.  8  that  quency  characteristics  of  a  record- 
the  old  disc  exhibited  a  slightly  ing  amplifier  so  that  as  the  cutter 
higher  output  from  about  70  cps  head  moves  from  the  outside 
up  to  about  2000  cps  and  fell  off  toward  the  inside  of  the  disc,  for 
rapidly  above  5000  cps.  The  loss  example,  the  gain  of  the  amplifier 
in  high  frequencies  is  quite  under-  at  the  upper  frequency  range  is  in- 
standable  but  this  writer  has  no  ex-  creased.  Such  a  system,  however, 
planation  to  offer  for  the  apparent  entails  complications  and  is  not  a 
gain  in  the  middle  and  lower  fre-  perfect  solution  because,  as  Pierce 
quency  ranges. 

Harmonic  Distortion — The  over¬ 
all  total  harmonic  distortion  of  the 
system,  with  0.25  watts  input  to 
the  cutter,  ranges  from  about  3.5 
percent  to  about  4.5  percent  from 
100  cps  up  to  cutoff.  Below  100 
cps  the  second  harmonic  increases 
and  is  approximately  7.5  percent 
at  50  cps. 

Figure  9  shows  two  oscillograms 
of  a  complex  input  voltage.  A,  taken 
at  the  cutter  terminals,  and  the  play¬ 
back  voltage  waveform,  B,  of  the 
resulting  cut.  Except  for  a  slight 
phase  shift,  the  oscillograms  are 
in  close  agreement.  On  work  in¬ 
volving  sound,  phase  shift  is  gen¬ 
erally  of  little  importance  since  the 
ear  itself  is  not  sensitive  to  phase 
distortion.  Vibration  analysis  may 
or  may  not  require  freedom  from 
phase  distortion. 

Translation  Loss — In  playing 
back  from  disc  records  the  high  fre¬ 
quencies  are  subject  to  progressive 
attenuation  as  the  groove  speed  de¬ 
creases,  that  is,  as  the  reproducer 
moves  from  the  outside  toward  the 


and  Hunt"  point  out,  the  tracing 
distortion  on  a  lateral  cut  record 
is  a  function  of  the  square  of  the 
recorded  amplitude;  thus  abnormal 
increase  of  the  driving  voltage  at 
the  upper  frequency  range  would 
substantially  increase  the  distor¬ 
tion. 

A  simple  solution  was  arrived 
at  by  cutting,  as  has  been  pre¬ 
viously  stated,  from  inside  out,  and, 
on  the  playback,  sweeping  the  wave 
analyzer  from  the  low  toward  the 
high  frequency  range.  A  total  of 
recording  lasting  6  minutes  was  cut 
on  each  disc,  starting  with  a  diam- 
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Fig.  10 — Oscillographically  plotted  curve  oi  system's  translation  loss  at  5000  cps. 
An  error  oi  almost  7  db  would  result  if  the  high  frequency  range  was  plotted  at 
the  beginning  instead  oi  at  the  end  oi  a  record  cut  from  the  inside  out.  A  method 
of  minimizing  this  error  is  outlined  in  the  text 


Pickup 


Block  diagram  of  analyzing  setup.  The  output  oi  the  sound  analyzer  is 
fed  to  the  oscilloscope  pictured  elsewhere 
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Fig.  12 — Vibration  noise  spectrum  of  a  60  cps  motor^driyen  air 
compressor.  The  top  strip  was  made  by  means  of  direct  mi* 
crophone  pickup  while  the  bottom  strip  was  made  from  a  re* 


cording.  The  gaps  at  75.  250  and  750  cps  occur  where  the 
sound  analyzer  was  bond-switched  during  laboratory  analysis 
of  the  oTerall  spectrum 
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Fig.  13 — Sound  spectrum  of  vibroting  diaphragm  type  signal 
horn.  60  cps  line  operated.  The  top  strip  was  made  by  means  of 
direct  microphone  pickup  while  the  bottom  strip  was  made  from 


a  recording.  The  gaps  at  75.  250.  750  and  2500  cps  occur  where 
the  sound  analyzer  was  band-switched  during  laboratory  onolysis 
of  the  OTerall  spectrum 


eter  of  appro.ximately  8.5  in.  and 
ending  at  a  diameter  of  approxi¬ 
mately  11.5  in.  The  sound  analyzer 
was  operated  at  a  speed  of  slightly 
less  than  1  rpm,  and  required  ap¬ 
proximately  51  minutes  to  make  the 
complete  sweep.  The  reproducer 
was  started  at  the  inside  of  the 
groove  and  tracked  outward  as  the 
motor  drove  the  analyzer.  Thus  by 
the  time  the  upper  frequency  range 
w'as  reached  on  the  analyzer,  the 
reproducer  was  well  toward  the 
outside  of  the  disc.  The  effect  of 
translation  loss  was  almost  entirely 
counteracted  in  this  manner.  An 
oscillographically  plotted  curve  of 
translation  loss  in  the  system  for  a 
5000  cps  frequency  is  showm  in  Fig. 
10.  An  error  of  almost  7  db  would 
result  should  the  high  frequency 
range  be  plotted  at  the  start  instead 
of  at  the  end  of  the  recording. 

Analysii  of  the  Records 

Examination  of  the  complex 
sound  track  engraved  upon  the 
discs  was  carried  out  in  the  labora¬ 
tory  and  consisted  of  analysis  by 
frequency  bands,  oscillographic  ob¬ 
servation  and  aural  comparison  be¬ 
tween  the  vibration  recording  or 
sound  recording  for  the  same  ma¬ 
chine  and  for  different  machines. 
The  connection  for  playback  analy¬ 
sis  is  shown  in  block  diagram. 
Fig.  11.  It  will  be  noted  that  (ex¬ 
cept  for  listening  tests)  the  sounds 


were  not  reproduced  through  a 
loudspeaker,  which  would  have 
added  a  considerable  degree  of  dis¬ 
tortion.  The  most  significant  data 
was  secured  by  plotting  a  complete 
frequency  spectrum  of  each  disc. 

There  are  two  commonly  used 
methods  of  plotting  frequency  spec¬ 
tra,  first;  by  manual  manipulation 
of  the  wave  analyzer,  recording  the 
relative  value  of  the  various  com¬ 
ponents  and  plotting  a  curve  from 
the  data  and,  second:  by  employing 
a  motor  drive  mechanism  for  the 
analyzer  and  connecting  the  output 
of  the  analyzer  to  a  direct  current 
amplifier,  which  in  turn  operates 
the  stylus  of  a  mechanical  recorder. 
The  recorder  chart  may  be  driven  in 
synchronism  with  the  motion  of  the 
analyzer  dial  either  through  a  me¬ 
chanical  interlock  or  by  means  of 
synchronous  motors  for  the  two 
units. 

In  the  present  case  manual  at¬ 
tempts  to  plot  the  frequency  spectra 
were  unsuccessful.  Combination 
of  an  unusually  large  number  of 
individual  components,  intermodu¬ 
lation  effects  between  components 
that  were  not  harmonically  related, 
continual  phase  shift  between  com¬ 
ponents,  high  ratio  of  unpitched 
noise  in  certain  frequency  band 
ranges,  and  the  presence  of  highly 
damped  transients  made  it  impos¬ 
sible  to  w’eed  out  any  but  a  few  of 
the  most  prominent  frequencies.  A 


mechanical  recorder  was  not  avail¬ 
able  and  could  not  be  secured  under 
the  priority  conditions  existing. 
Furthermore,  many  of  the  charac¬ 
teristics  of  the  data  that  made  it  so 
difficult  manually  to  plot  the  curves 
suggested  that  a  mechanical  re¬ 
corder  might  likewise  prove  inade¬ 
quate.  A  cathode-ray  oscilloscope 
was,  therefore,  employed. 

Oscilloscope — The  cathode  -  ray 
oscilloscope  is  usually  associated 
with  the  delineation  of  high  speed 
phenomena.  So  much  attention  has 
been  devoted  to  its  development  in 
that  field  that  the  usefulness  of 
the  instrument  for  slow  speed  work 
has  been  largely  overlooked.  The 
oscilloscope,  operating  in  conjunc¬ 
tion  with  a  moving  film  camera,  will 
do  everything  that  can  be  accom¬ 
plished  by  a  mechanical  recorder, 
in  addition  to  which  it  has  inherent 
capacity  to  respond  to  any  high 
speed  fluctuations  apt  to  be  en¬ 
countered. 

For  this  type  of  work  the  photo¬ 
graphic  technique  becomes  ex¬ 
tremely  simple.  High  speed  films 
are  not  necessary  and  the  oscillo¬ 
scope  can  be  operated  at  a  spot  in¬ 
tensity  so  low  that  there  is  no 
likelihood  of  scorching  the  screen 
even  though  the  beam  remains  sta¬ 
tionary  for  protracted  periods  of 
time.  By  changing  the  driving 
Dutlnued  oti  lf)4) 
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RCA  Dedicates 
New  Electronics 


The  Meter  Room,  a  portion  of  which  is  shown  here,  has  com¬ 
plete  facilities  for  calibrating  the  three  thousand  different 
meters  which  are  available  for  the  measurement  of  voltage, 
current,  power,  temperature,  speed,  and  other  physical 
quantities 


A  general  view  of  one  of  the  laboratories.  Each  laboratory 
has  uniform  shadowless  lighting  of  daylight  supplemented 
by  modern  indirect  lights.  Each  bench  has  numerous  ducts 
with  removable  panels  along  the  wall  through  which  voltage 
and  current  of  various  voltage  and  frequency,  as  well  as 
other  services  may  be  obtained 
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E.  W.  Engstrom,  B.  J.  Thompson,  and  V.  K.  Zworykin  (loft 
to  right)  examining  test  equipment  in  the  Laboratories 


New  laboratories  of  the  Radio  Corporation  of 
America  at  Princeton,  N.  J.  were  formally 
dedicated  publicly  on  September  27.  Planned  during 
peacetime  as  a  major  contribution  to  radio  and  elec¬ 
tronics  research,  and  built  at  a  cost  of  about  two 
million  dollars,  these  laboratories  will  ultimately  hou.se 


4 


Lieutenant  General  J.  G.  Harbord  and  Major  General  Dawson 
Olmstead,  Chief  Signal  Officer  of  the  Army,  inspecting  one 
o!  the  lathes  in  the  Model  Shop 


President  Dodds  of  Princeton  University  delivering  his  address 
at  the  dedication  exercises  on  September  27.  From  left  to 
right  on  the  speaker's  stand  are:  Colonel  David  Sarnoff, 
Major  General  Dawson  Olmstead.  Lieutenant  General  J.  G. 
Harbord.  Commander  A.  M.  Granum.  and  Otto  S.  Shairer 


all  of  the  research  activities  of  RCA.  Speaking  at  the 
dedication  ceremonies,  Major  Gen.  Dawson  Olmstead, 
Chief  Signal  Officer  of  the  Army,  said  that  the  labora¬ 
tories  were  carrying  out  a  “service  of  tremendous 
importance  to  our  government  and  to  the  nations  who 
are  our  Allies  in  this  war.” 


Bays  in  tho  Optics  Laboratory  are  interconnected  by  door¬ 
like  openings  in  the  walls,  making  possible  optical  paths 
of  considerable  length.  Note  the  electrical  outlets  above  the 
desk,  and  gas,  water,  and  air  outlets  on  front  of  bench 
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are  determined  by  shorting  and  then  opening  the  connections 
between  sending  and  receiving  halves  oi  the  network 


Fig.  1 — To  determine  the  characteristics  oi  a  synunetricol  elec¬ 
trical  iour-terminal  network,  the  sending  and  receiving  currents 


Symmetrical  Electrical  Systems 

Port  I— Basic  Theory  with  Application  to  the  Wien  Bridge 


TWO  methods  of  evaluating  the  related  filter  units,  and 

transmission  performance  o  n  phenomena, 

four-terminal  networks  are  well  ®y  ••  PURINGTON  This  special  purpo.« 

recognized.  Firstly  and  funda-  oiouct$ter.  Mass  based  upon  a  theoren 

mentally,  mesh  equations  may  be  set  Fig.  1.  The  symmetr 

up  and  solved  to  determine  the  ter-  system  of  Fig.  1,.,  inv 

minal  currents.  Secondly  and  more  formation,  and  the  advantage  of  the  turally  symmetrical  r 
abstrusely,  the  performance  of  the  image  impedance  termination  method  rated  into  two  mirrorec 
network  may  be  first  determined  on  of  dealing  with  assemblies  of  im-  analagous  to  a  primal 
the  basis  of  image  impedance  termi-  pedance  elements  instead  of  with  ondary  circuit.  These 

nations,  and  then  reflection  and  in-  currents  and  voltages  at  and  be-  are  joined  by  electric 

teractron  factors  applied  to  determine  tween  network  junction  points.  through  which  power  ( 

the  performance  with  the  actual  While  nothing  can  be  determined  the  primary  to  secon 

terminations.  by  the  special  purpose  method  which  No  mutual  inductance  < 

If  the  network  possesses  electrical  cannot  also  be  determined  by  the  any  inductor  of  the  fin 
symmetry  (this  is  not  unusual),  and  other  procedures,  it  has  the  impor-  a  corresponding  induct 
especially  when  the  network  together  tant  advantage  of  usually  yielding  ond  portion.  Power 
with  its  terminations  possesses  the  required  information  with  the  therefore  measurable 
structural  symmetry,  a  special  smallest  effort.  It  can  be  advantage-  rents  through  and  th( 

method  of  treatment  is  available.  It  ously  applied  in  studies  of  resistor-  tween  the  connectors 
possesses  the  advantage  of  the  mesh  capacitor  and  resistor-inductor  net-  terest  is  in  the  receive( 
equation  method  of  yielding  explicit  works,  wave  filter  units,  composite  the  receiving  terminat 
instead  of  tabular  performance  in-  wave  filters  made  up  of  a  chain  of  sinusoidal  driving  voll 
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cycles  per  tec.  ■for  which  R,o<nd  C, 
are  of  equal  numerical  impedance 

ratio  fef  oiny  ■frequency  f  ■to  Fo, 
y  =  f/Fo 


roitio  of  impedoince  level  of  net 
work  to  the  termination,  a.c 
b«R,/R 


A/VVWW^ 


Then  ;-R,*hR;  C,=  159200  /  hRFo  micro 
farod  .  Impedance  of  Ci  is  -  JhR 


Fi9>  2 — Typicol  problem,  that  of  the  Wien  bridge,  eolTed  by  the  method  of  cloeing  and  opening  the  structure  at  its  center  of  symmetry 


A  special  method  of  evaluating  the  transmission  characteristics  of  four-terminal  networks 
which  possess  electrical  and  structural  symmetry.  This  method  saves  considerable  labor  and 
time  compared  to  conventional  solutions 


sending  arm  which  is  also  of  im-  evaluated  from  E,  Z,  and  Z„  the 
pedance  Z.  Of  minor  interest  may  currents  of  interest  in  F^g.  1...  are 
be  the  sending  current  I,  or  the  im-  known  and  can  be  shown  to  be 
pedance  Z„  looking  into  the  network  i  ^  , 

from  the  sending  arm  during  the  2  '  ‘  "  2 

circuit  operation.  This  simple  theorem  relating  the 

The  currents  h  and  I,  can  be  most  terminal  currents  of  the  network  as 
readily  determined  by  evaluating  a  whole  to  the  sending  currents  un- 
the  currents  in  the  sending  arm  when  der  the  conditions  of  the  network 
the  secondary  is  isolated  from  the  being  closed  and  opened  at  the  cen- 
primary,  in  one  case  by  making  the  ter  of  symmetry  is  a  generalization 
connectors  voltageless  by  closing  from  information  on  symmetrical 
them  together  as  in  Fig,  U,  and  in  electrical  coupled  circuits  previously 
another  case  by  making  them  cur-  published.*  Its  value  is  merely  to 
lenlless  by  opening  them  as  in  Fig,  jirovide  a  short  cut  in  solving  prob- 
1«,  In  these  figures,  the  impedances  lems  of  the  type  to  which  it  ap- 
Z^  and  Z„  looking  into  the  network  plies.  If  the  difficulty  of  solving  net- 
from  the  sending  arm  are  not  de-  work  problems  for  an  explicit  solu- 
pendent  upon  elements  beyond  the  tion  is  roughly  as  the  square  or  the 
connectors,  but  depend  upon  the  third  power  of  the  number  of  ele- 
structural  makeup  of  the  first  half  ments,  then  there  will  be  a  time 
portion  only.  In  terms  of  the  cur-  saving  of  50  to  75  percent  by  evaluat- 
rents  E  and  /„,  which  are  readily  ~  ,  . . . . . 


ing  first  Ic  and  /„  then  I,  and  /,. 

It  is  usually  preferable  to  express 
the  circuit  performance  on  a  com¬ 
parative  rather  than  an  absolute 
basis,  so  that  the  expressed  perform¬ 
ance  is  not  dependent  upon  the  mag¬ 
nitude  of  the  driving  force  E.  A 
convenient  reference  condition  is  the 
system  with  the  network  absent,  that 
is,  with  E  and  the  sending  and  re¬ 
ceiving  impedances  Z  in  a  series  ar¬ 
rangement.  Then  the  current  in  the 
receiving  arm  would  be  1/  =  E  2Z. 
Performance  may  be  expressed  by 
an  insertion  ratio,  defined  as  the 
ratio  of  the  reference  current  //  in 
the  receiving  termination  with  the 
network  absent  to  the  actual  current 
/,  in  the  receiving  termination  with 
the  network  present.  In  general  this 
is  a  vector  function,  say  (M  -f  j\) 
of  the  three  impedances  Z,  Z^  and 
Z„,  which  are  readily  found  to  be 
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Fig.  3 — Insertion  loss  curves  of  Wien  bridge  for  three  values  of  impedance 

level,  h  R^  'R 


Insertion  Ratio  = 


E/2Z 

I, 


=  (M+jN)  = 


(z  +  z.)(z  +  •  Z,) 

Z  iZ.  -  Z.) 


(3) 


The  insertion  ratio  is  set  up  in  this 
manner  to  make  it  numerically  equal 
to  or  greater  than  unity  for  the 
important  case  of  the  terminations 
being  equal  pure  resistors,  for 
which  no  inserted  network  can  pos¬ 
sibly  increase  the  received  current. 

In  place  of  the  vector  insertion 
ratio,  the  performance  may  be  more 
conveniently  expressed  by  the  inser¬ 
tion  loss,  db,  in  combination  with 
the  insertion  phase  lag  due  to  the 
presence  of  the  circuit.  These  are 
derivable  from  the  vector  insertion 
ratio  (M  +  jN)  by 


Ins.  loss  db  =  10  logio  (M~  +  .V-)  (4) 

Ins.  phase  lag  =  tan~‘  (N/M)  (5) 

Inspection  of  the  insertion  ratio 
equation  yields  only  the  general  in¬ 
formation  that  the  insertion  loss  is 
infinite  for  any  frequency  making 
Z,  =  Zc.  This  is  equivalent  to  say¬ 
ing  that  Ir  is  zero  provided 
L  =  I.  =  /.. 

The  insertion  ratio  expresses  the 
effect  of  insertion  of  the  network 
upon  the  output  circuit  of  the  sys¬ 
tem.  For  the  input  branch,  the  per¬ 
formance,  if  of  interest,  may  be  ex¬ 
pressed  in  terms  of  the  relative 
loading  on  the  sending  arm,  given  by 
the  ratio  of  the  load  impedance  Z„ 
upon  the  source  to  the  load  Z  which 
would  exist  with  the  network  absent: 


I.o.ding  _^(Z.  +  Z.)  ® 

’  2Z 

From  Eq.  (6)  can  be  deduced  that 
the  loading  and  therefore  the  send¬ 


ing  current  is  unchanged  for  any 
frequency  making  Z.  =  Z-,  or  for 
any  frequency  making  one  of  Z,  and 
Zr  infinite  and  the  other  zero,  with 
a  finite  product.  At  such  frequencies, 
the  source  delivers  the  same  amount 
of  power  regardless  of  whether  the 
network  is  absent  or  pre.sent.  Zero 
insertion  loss  can  exist  for  such  a 
frequency  only  if  the  inserted  net¬ 
work  contains  no  current  carrying 
dissipative  impedance. 

Therefore  the  complete  jierfor- 
mance  of  the  system  of  Fig.  1  may 
be  determined,  relative  to  the  per¬ 
formance  with  the  network  absent, 
by  equations  3  to  fi,  involving  the  im¬ 
pedance  Z  representing  the  termin¬ 
ations,  and  the  impedances  Zr  and  Z„ 
looking  into  the  network  closed  and 
opened  at ‘the  center  of  symmetry  as 
representing  the  complete  inserted 
network. 

Application  of  Method  to  Wien  Bridge 

As  a  specific  example,  consider  the 
parallel  T  equivalent  of  the  Wien 
Bridge,  made  up  of  resistor  and  ca¬ 
pacitor  elements,  and  terminated  by 
equal  resistors,  as  in  Fig.  2a.  The 
entire  system  involves  eight  arms, 
with  three  independently  choosable 
elements,  R,  /?,  and  C„  and  has  the 
known  property  of  not  transmitting 
at  the  frequency  for  which  C,  and 

are  of  equal  numerical  impedance. 
The  system  rearranged  for  evalua¬ 
tion  of  Z,  and  Z„  is  shown  in  Fig.  2b. 

Now  if  the  transconductance 
fIn/E)  of  the  system  were  plotted 
as  a  function  of  frequency,  there 
would  be  a  threefold  infinitude  of 


curve  shapes,  since  the  magnitudes 
of  R,  Ri  and  Ci  independently  in¬ 
fluence  the  performance  so  expressed. 
But  in  putting  the  performance  on  a 
relative  basis,  the  insertion  ratio 
would  not  be  changed  if  the  imped¬ 
ances  of  each  of  the  three  independ¬ 
ently  chooseable  elements  were  all 
modified  by  the  same  factor.  There¬ 
fore  the  insertion  performance  as  a 
function  of  frequency  would  require 
a  twofold  infinitude  of  curve  shapes. 
But  further,  the  abscissa  represent¬ 
ing  frequency  as  well  as  the  ordinate 
representing  power  transfer  can  be 
put  on  a  relative  basis  by  establish¬ 
ing  a  reference  frequency,  as  for  ex¬ 
ample  F„  the  frequency  of  infinite 
loss  for  which  Ri  and  C,  are  of  equal 
numerical  impedance.  The  actual 
abscissa,  then,  will  be  x  =  f/F„  the 
ratio  of  any  frequency  /  to  the  refer¬ 
ence  frequency,  F,.  Under  these  con¬ 
ditions  a  single  infinitude  of  curves 
will  relate  an  insertion  effect  to  the 
frequency  ratio.  That  is,  the  in¬ 
sertion  loss  and  the  insertion  phase 
lag  will  be  a  function  of  the  fre¬ 
quency  ratio  X,  and  of  a  single  other 
independent  variable  or  parameter 
which  will  be  the  same  for  all  points 
on  representative  curves.  This  is 
most  conveniently  an  “impedance 
level”  parameter  relating  to  the  ratio 
of  the  numerical  impedance  of  /?„ 
and  therefore  of  C,  at  F.,  to  the 
terminating  resistance  of  R.  These 
relations  are  fully  summarized  in 
Fig.  2,  together  with  the  evaluation 
of  Z,  Zr  and  Z.  in  terms  of  R,  h 
and  X. 

The  balance  of  the  problem  in¬ 
volves  a  routine  algebraic  process  of 
substituting  Z,  Z,  and  Z,  in  Eq.  3,  to 
determine  M  and  N  in  terms  of  x 
and  h,  with  R  dropping  out  because 
all  impedances  are  on  a  relative 
basis.  Thereupon  the  in.sertion  loss 
and  insertion  phase  lag,  also  func¬ 
tions  solely  of  X  and  h,  are  deter¬ 
mined  by  Eq.  4  and  5.  In  dealing 
with  resistor-capacitor  .sy.stems,  the 
routine  will  be  found  less  tedious 
upon  making  a  change  of  variable 
y  —  —  1/x,  for  the  duration  of  the 
main  algebraic  manipulation.  In  any 
event,  the  routine  algebraic  work  for 
the  particular  problem  of  Fig.  2 
yields : 

Ins.  loss  db  = 

10  -f  (1  -f  hY]  1(1  -I-  J-  -HU 
(x’ - 1)*  r 


Ins.  phase  lag 

2  +  Ah +  h'‘ 


tan“‘*( 


A  -f  fc* 
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In  Fig.  3  is  shown  the  insertion 
loss  as  a  function  of  x  for  three 
values  of  impedance  level  h,  namely 
(».2,  \/2  and  10.  For  the  value 

h  =  \/2,  the  insertion  loss  is  the 
«ame  function  of  x  as  of  1/x,  and 
would  be  symmetrical  if  the  abscis¬ 
sae  were  plotted  logarithmically. 
For  low  values  of  h,  the  structure 
has  low-pass  properties,  with  infinite 
I0.SS  at  X  =  1 ;  and  for  high  values 
of  h  has  similar  high-pass  prop¬ 
erties. 

In  addition  to  the  usual  use  of 
the  circuit  as  a  frequency  metering 
device,  it  may  be  also  used  for  filter¬ 
ing  purposes.  For  example  suppose 
the  network  is  to  be  u.sed  to  supply 
filtering  for  rectified  power  supply. 
If  R,  the  load  resistance,  is  to  be  50,- 
000  ohms,  h  is  chosen  0.2,  and  F„  is 
desired  to  be  120  cps.  Then  applica¬ 
tion  of  the  equations  of  Fig.  2  indi¬ 
cate  the  parts  required  for  such  a 
filter  are: — 1-5000  ohm,  and  2-10000 
ohm  resistors,  and  1-0.266  and 
2-0.133  ftf  capacitors. 

Uses  of  the  Wien  Bridge 

In  Fig.  3,  values  of  the  insertion 
phase  lag  are  indicated  at  various 
points  on  the  curves,  and  in  each  case 
at  X  =  1  corresponding  to  infinite 
insertion  loss,  there  is  a  discontinu¬ 
ity  of  180  deg.  This  is  not  i)redict- 
able  of  E(i.  8  since  any  angle  has  the 
same  tangent  as  the  same  angle  plus 
or  minus  any  integer  times  180  deg. 
The  location  of  the  (piadrant  of  the 
phase  lag  angle  can  be  determined  by 
knowing  the  algebraic  .senses  of  both 
M  and  N,  or  in  simple  cases  physical 
checks  are  useful.  This  may  be  at 
zero  frequency  for  which  any  capaci¬ 
tor  becomes  an  open  circuit  of  infin¬ 
ite  impedance,  and  at  infinite  fre- 
•luency  for  which  any  capacitor  is  a 
short  circuit  of  zero  impedance. 

Figure  4  shows  how  Fig.  2  ap¬ 
pears  at  zero  and  infinite  frequencies, 
as  pure  resistance  networks,  with 
the  network  producing  an  insertion 
loss  in  both  cases  but  with  no  phase 
shift.  On  the  curves,  180  deg.  must 
be  subtracted  in  passing  through 
X  =  1  from  the  low  side  to  the  high, 
to  make  the  insertion  phase  lag  the 
same  at  x  =  0  and  x  =  oc.  It  would 
be  only  for  mathematical  c(*nvenience 
to  assert  the  lag  as  zero  at  zero  fre¬ 
quency,  and  360  deg.  at  infinite  fre¬ 
quency,  with  the  lag  increasing  con¬ 
tinuously  on  the  two  legs  of  the 
curves,  and  increasing  di.scontinu- 

•usly  between  them.  There  is  of 


course  no  physical  discontinuity  in¬ 
volved,  because  the  phase  lag  dis¬ 
continuity  occurs  simultaneously 
with  infinite  insertion  loss  value. 
Physically,  the  received  current  1, 
is  in  one  direction  before  becoming 
zero,  and  in  the  reverse  direction 
after  becoming  zero.  This  suggests 
an  impedance  bridge  at  the  condi¬ 
tion  of  balance,  with  the  received 
current  in  the  detector  arm  of  the 
bridge,  and  in  fact  such  an  interpre¬ 
tative  arrangement  is  possible. 

Application  of  Method  to  Impedance 
Bridge 

The  general  equations  for  the  cur¬ 
rents  in  all  six  arms  of  a  simple  im¬ 
pedance  bridge  due  to  a  driving  force 
in  the  power  arm  are  a  matter  of 
record.  In  Fig.  5a.  the  general  type 
of  structure  under  consideration  i.s 
shown  in  block,  with  the  network 
specified  by  and  Z,  the  impedances 
looking  into  the  network  closed  and 
opened  at  the  center  of  symmetry. 
With  the  network  bisectable,  and 
Z.  represent  physically  realizable 
combinations  of  reactor  and  resistor 
elements.  If  now  an  impedance 
bridge  is  made  up  as  in  Fig.  5b,  us¬ 
ing  the  same  driving  force  and  ter¬ 
minations  as  in  Fig.  5a,  and  the 


bridge  arms  are  made  Z^  and  Z„  de¬ 
rived  from  Fig.  5a  and  arranged  as 
indicated,  then  it  will  be  found  that 
identical  sending  currents  and  iden¬ 
tical  received  currents  occur  for  the 
two  figures.  That  is,  except  for  in¬ 
ternal  arrangement,  any  bisectable 
four-terminal  network  may  be  re¬ 
placed  by  a  .symmetrical  but  non-bi- 
sectable  network  in  the  form  of  an 
impedance  bridge.  When  used  for 
transmission  purposes,  any  impe¬ 
dance  bridge  with  opposite  arms 
equal  as  in  the  present  ca.se  is  termed 
a  symmetrical  lattice  network.  Such 
networks  are  of  especial  importance 
because  not  all  lattice  net\torks  are 
capable  of  being  replaced  by  simple 
bisectable  equivalents,  since  the  two 
terminal  impedances  Zr  and  Z„  in  the 
bridge  structure  in  general  need  not 
correspond  to  Z*  and  Z„  obtained  by 
bisection  of  a  four  terminal  impe¬ 
dance. 

Accordingly  the  basic  treatment 
of  structurally  bisectable  networks 
here  presented  automatically  extends 
itself  to  cover  one  important  type  of 
network  which  although  not  bisect- 
able  is  nevertheless  electrically  sym¬ 
metrical. 


Kditors  Note  —A  second  part  of  Mr. 
Purinsrton's  article  dealiiiK  with  reactance  type 
networks  will  be  published  in  a  succeedinR 
issue. 


Fig.  4 — Equiralent  circuit  ol  Wien  bridge  at  zero  and  infinite  frequencies 


Fig.  5 — Method  of  replacing  a  bisectable  network  by  a  non-bisectable  bridge 
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Nazi  Aircraft  Radio 


By  JOHN  H.  JUPE 

Enfield,  Middlesex,  England 


Radio  telephone  equipment  oi  the  Messerschmitt  109  fighter  plane. 
The  various  units  are  indicated  by  the  numbered  cards.  No.  1 


receiver;  2,  transmitter;  3.  rotary  transformer;  4.  iunction  box; 
5.  resistance  box;  6,  switch;  and  7,  the  antenna  current  meter 


Details  of  the  radio  equipment 
used  in  Nazi  aircraft  were  re¬ 
cently  released  to  the  public  by  the 
British  authorities.  The  information 
indicates  that  any  rumors  that  our 
enemies  are  using  inferior  materials 
is  unfounded  and  that  the  electrical 
performance  of  all  Nazi  aircraft 
radio  is  good  but  there  are  no  fea¬ 
tures  which  place  it  ahead  of  equiva¬ 
lent  apparatus  used  by  the  United 
Nations.  Mechanical  construction  is 
of  the  highest  order,  neither  mate¬ 
rial  expense  nor  cheapness  of  pro¬ 
duction  being  allowed  to  interfere 
with  a  first  class  job  being  done.  In 
one  respect,  however,  German  air¬ 
craft  radio  equipment  is  very  in¬ 
ferior  and  that  is  its  excessive 
weight.  It  would  seem  that  the  de¬ 
signers  have  been  so  anxious  to 
make  mechanically  strong  apparatus 
that  the  impression  is  given  that  it 
is  for  a  ground  installation  rather 
than  for  aircraft. 

Typical  German  radio  apparatus 
as  found  on  captured  airplanes  is 
described  in  the  following  para¬ 
graphs  : 

Junkers  88  (Bomber).  The  radio 
equipment  in  this  airplane  consists 


of  a  transmitter  and  receiver  using 
voice  and  covering  the  band  from 
38.6  to  42.2  Me.  The  tuning  controls 
are  not  accessible  during  flight  be¬ 
cause  no  provision  is  made  for  re¬ 
mote  control.  Choice  is  made  of  one 
of  four  frequencies  before  the  plane 
leaves  the  ground  by  means  of  a  click 
stop  mechanism  fitted  to  the  tuning 
dials.  A  conventional  type  of  super¬ 
heterodyne  circuit  is  used  in  the  re¬ 
ceiver.  Nine  tubes,  all  of  the  same 
type,  are  used.  The  r-f  amplifier, 
mixer,  oscillator,  and  i-f  amplifier 
tubes  are  all  connected  as  pentodes. 
The  detector  and  a-v-c  tubes  are 
diodes  and  the  audio  amplifier  tube  is 
connected  as  a  triode. 

Considerable  trouble  has  been 
taken  to  produce  r-f  oscillations  of 
high  stability  without  resorting  to 
crystal  control  and  this  has  largely 
been  achieved  by  the  use  of  low  tem¬ 
perature  coefficient  inductances  con¬ 
structed  in  the  following  manner.  A 
spiral  groove  is  cut  on  a  ceramic 
former  and  the  inside  of  the  groove 
is  coated  with  a  thin  film  of  copper 
or  silver  wl  h  had  been  fired  on  the 
ceramic.  Afterwards  the  winding  is 
built  up  to  the  required  thickness 
by  electroplating  the  film. 


Second  channel  interference  is  ef¬ 
fectively  suppressed  over  the  entire 
tuning  range.  The  coupling  of  the 
antenna  to  the  r-f  stage  is  very  loose 
and  consists  of  the  capacitance  be¬ 
tween  a  coil  and  a  short  wire.  Coup¬ 
ling  between  i-f  stages  is  by  means  of 
transformers,  w’ith  powdered  iron 
cores,  and  fixed  condensers.  The  in¬ 
termediate  frequency  is  3.15  Me. 

The  transmitter  uses  two  pentode 
tubes,  one  in  a  Colpitts  oscillator 
circuit  combined  with  a  frequency 
doubler  and  the  other  as  a  power 
amplifier.  Signal  grid  modulation  is 
employed,  the  modulator  tube  being 
the  standard  receiving  type  pentode. 
The  oscillator  operates  at  half  the 
carrier  frequency  and  high  perfor¬ 
mance  inductances  are  used.  Careful 
filtering  is  used  to  isolate  the  heater- 
capacity  from  the  oscillator.  A  spe¬ 
cial  means  is  provided  for  accurately 
tuning  the  transmitter  and  receiver 
to  the  same  frequency. 

Power  is  obtained  from  a  dynamo- 
tor  fitted  with  three  commutators, 
one  for  the  24-volt  d-c  supply  to  the 
motor,  one  for  the  anode  supplies  and 
one  for  the  grid  bias  to  the  trans¬ 
mitter.  Maximum  power  demand  is 
10.5  amperes  at  24  volts,  210  ma  at 
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Receiver  (left)  and  transmitter  of  the  Heinkel  lllH  reconnaissance 
plane  showing  some  of  the  construction  and  arrangement  of 


components.  The  electrical  and  mechanical  designs  are  good, 
but  the  equipment  is  very  heavy  for  aircraft  installation 


Receiver  of  the  Junkers  88  bomber.  The  r-f  and  converter  cir¬ 
cuits  are  contained  in  section  B;  the  i-f  amplifiers,  detector  and 
a-v-c  are  in  section  A;  and  the  a-f  amplifier  and  a  neon  stabilizer 
for  the  oscillator  are  in  section  C 


General  layout  of  the  front  panel  of  the  Junkers  88  radio  appara¬ 
tus.  The  receiver  is  at  the  left,  the  transmitter  at  the  right,  and 
the  modulation  amplifier,  antenna  current  meter  and  a-f  output 
transformer  are  in  the  center 


END-  ACTIONS 


iMechanica' 


lCirco't+-  pa^s 


Continuous 

Direct 


lent  failure 


Voltooe.  cu  rrent 


COUNTIMG 


iMech.  interlock! 


I  Thermal 


KtTS.5wrta«s 


Rotory _ 

I  Two- motion 


A  remote  control  cycle  may  be  started  in  many 
ways  and  one  oi  the  first  concerns  of  the  design 
engineer  is  selection  of  a  suitable  type  oi  initia¬ 
tor.  the  most  common  oi  which  are  listed  at  the 
left.  Work  which  may  be  done  at  the  distant 
point  is  likewise  yaried,  as  suggested  by  the 
tabulation  at  the  right,  so  the  most  desirable 
end-action  must  simultaneously  be  chosen 


StliCTOttS 


Term,  blocks 
I  Lamps,  sockets 


MISC. 


iJacks.pli 


Electrical 


a  succeeding  article  we  will  discuss 
electrical  remote  control  circuits  and 
how  they  are  utilized. 


Initiators 


it  are  its  applications  in  three:  (1)  Initiating  devices  whose  One  of  the  first  concerns  of  the  en- 
?lds.  In  the  electric  power  operation  either  manually  or  auto-  g’ineer  who  is  attempting  to  use  a  re- 
•  example,  it  is  used  to  re-  matically  serves  to  originate  the  re-  mote  control  system  for  the  solution 
control  substations,  provide  mote  control  cycle;  (2)  circuits  and  of  a  specific  problem  is  to  determine 
/e  relaying  and  facilitate  equipment  (the  real  tools)  which,  "’hat  initiator  he  will  use. 
ications.  In  broadcasting  it  properly  combined,  translate  the  Broadly,  four  general  types  are 
radio  transmitters,  monitors  originating  force  into  (3)  desired  Jivailable.  Manual  initiations,  mo.st 
.s.  In  aviation,  it  controls  end-actions.  direct  of  all,  may  be  accomplished  by 

lighting  and  radio  beacons.  It  is  the  purpose  of  this  article  to  ^  “key”  such  as  a  snap  switch, 

lly,  it  is  difficult  to  find  a  consider  broadly  typical  initiating  Similarly,  there  are  pushbuttons. 

in  which  electrical  remote  methods  available,  end-actions  which  fo&Kle  switches,  telegraph  keys  and 
is  not  doing  some  job  or  can  be  accomplished,  equipment  ele-  electric  typewriter  keyboards.  Man- 
id  laboratories  are  crowded  ments  and  their  possibilities  and  lim-  initiation  may  also  be  accom- 

.v  applications  which,  after  itations,  and  the  vocabulary  used  by  plisked  with  a  dial  such  as  is  used  in 
will  greatly  affect  America’s  electrical  remote  control  engineers.  In  automatic  telephony,  in  broadcast 
y  way  of  life.  circuit  monitoring  and  remote  radio 

transmitter  control.  A  governor-con¬ 
trolled  device  to  transmit  impulses 
(circuit  closures)  over  a  line,  the  dial 
is  conventionally  arranged  to  trans¬ 
mit  up  to  ten  impulses  in  a  group  and 
several  series  of  groups,  can  be  util¬ 
ized  on  a  decimal  basis  to  provide  an 
almost  unlimited  number  of  combin¬ 
ations. 

External  initiators  start  a  control 
function  under  some  external  influ¬ 
ence.  The  cutting  of  a  light-beam  to 
open  doors  or  count  manufactured 
articles  is  an  example.  Mechanical 
switches  may  be  utilized  in  a  similar 
manner. 


Definition 


Just  what  is  electrical  remote  con¬ 
trol?  A  simple  definition  is  this:  Re¬ 
mote  control  is  a  term  applied  to  any 
system  which  by  electrical  means  ac¬ 
complishes,  with  little  initial  effort, 
many  actions  near  at  hand  or  far 
away.  While  many  men  think  of  elec¬ 
trical  remote  control  as  the  perfor¬ 
mance  of  control  functions  at  great 
distances  over  telephone  or  telegraph 
circuits,  the  field  is  much  broader 
since  the  same  circuit  elements  and 
equipment  may  be  employed  to  ac- 


REMOTE  CONTROL  may 
or  may  not  involve  elec¬ 
tronics  in  the  strict  sense  of 
the  word  but  the  electrical 
devices  commonly  employed 
are  so  frequently  associated 
with  tubes  that  engineers 
will  find  them  a  profitable 
study 
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Electrical  remote  control  solves  innumerable  indus¬ 
trial  and  communications  problems.  Typical  applica¬ 
tions,  circuit  initiating  methods  and  end-actions  are 
broadly  discussed  in  this  introductory  article.  Factors 
governing  choice  of  equipment  are  outlined.  Part  2,  to 
follow,  deals  with  basic  circuit  design  details 


American  Automatic  Electric  Sahx  t'o 


REMOTE  Control... Part  i 


Alarm  initiators  start  control  is  a  temperature  limit  initiator.  The 
functions  as  a  result  of  some  non-  pressure-actuated  mechanical  switch 
standard  condition.  For  instance,  a  in  the  air  tank  of  the  automobile 
fuse  alarm  “initiates”  when  a  fuse  service  station,  which  serves  to  start 
blows.  A  circuit  failure  alarm  may  and  stop  the  pump  motor,  is  a  pres- 
function  when  a  normally  closed  elec-  sure  limit  initiator.  Liquid  level  limit 
trie  circuit  becomes  grounded  or  problems  are  commonly  encountered 
opens.  An  equipment  failure  alarm  in  fuel  oil  storage  tanks  and  here  ini- 
may  be  one  which  indicates  the  burn-  tiation  may  be  the  result  of  actuation 
in?  out  of  a  vacuum  tube  filament,  of  a  float  switch  or  of  electrical  con- 
the  abnormal  rise  in  temperature  of  tact  with  the  liquid  itself, 
a  machine  bearing  or  the  presence  of  There  are  many  other  initiators  of 
fire  in  a  supervised  area.  The  latter  specialized  varieties  which  can  be 
two  instances  overlap  somewhat  with  fitted  into  one  or  more  of  the  forego- 
limit  initiators.  inji:  four  classifications.  For  exam- 

Limit  initiators  start  a  control  pie,  the  light-beam  and  phototube 
function  as  the  result  of  some  prede-  employeed  to  obtain  smoke  density 
terniined  limit  being  exceeded.  There  readings  and  control  combustion  in 
are  many  types.  The  mechanical  a  boiler  would  be  classed  as  an  exter- 
movement  limit  initiator  is  exempli-  nal  initiator, 
fied  by  the  switch  at  the  top  of  an 

elevator  shaft  which  causes  controls  End-Actions 

to  function  to  prohibit  the  elevator 

from  going  beyond  the  top  floor  Initiating  actions,  individually  or 
Similarly,  an  automatic  milling  ma-  in  combination,  may  be  utilized  to 
chine  may  have  a  switch  which  oper-  accompliish  many  end-actions  over 
ates  at  the  limit  of  travel  to  reverse  wire  circuits,  carrier-current,  radio 
the  miller.  An  example  of  a  voltage  or  light-beam  transmission  paths, 
limit  device  is  the  high-low  voltage  End-actions  break  down  into  four 
relay  which  controls  the  charging  of  general  classifications,  with  some 
a  storage  battery,  stopping  the  overlapping. 

charger  when  the  battery  reaches  The  simplest  is  motivation,  in 
the  full-charge  voltage  condition  and  which  a  small  amount  of  electric 
restarting  it  when  the  low-voltage  power  is  used  to  control  some  larger 
discharge  condition  is  reached.  The  electric  power  flow  or  mechanical 
thermostat  in  a  heat-treating  oven,  force.  The  starting  of  a  huge  electric 
which  functions  to  maintain  constant  motor  by  remote  control  is  an  exam- 
temperature  between  narrow  limits,  pie  of  the  first.  Mechanical  motiva- 


American  Teletimer  Corporation  equip¬ 
ment  measures  and  records  the  time  for 
the  leading  horse  at  various  points  around 
a  racetrack.  Modulated  light-beams  are 
cut  as  the  animal  passes,  stopping  a  ro¬ 
tary  switch  and  relay  mechanism  in  the 
equipment  room 
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from  a  remote  point  orer  a  sinqle  circuit.  A  teleprinter  and 
one  of  the  many  racks  in  a  main  operating  room  are  shown 


Western  Union  “Tarioplex"  printing  telegraph  equipment  permits 
as  many  as  49  subscribers  in  one  city  to  receive  typed  messages 


tion  is  typified  by  the  solenoid-oper-  siren  employs  audible  registration.  spaces  stacks  of  finished  work  on  a 
ated  valve  which  controls  a  bubbler  Counting  end-action  is  often  of  continuously  moving  conveyor  so 
drinking  fountain  when  a  light-beam  great  use  to  the  production  engineer,  they  can  be  readily  removed  by  the 
is  cut  by  the  user.  Simple  counting  is  exemplified  by  the  operator  in  precounted  and  readily 

How’ever,  when  the  problem  be-  counter  on  a  telephone  line  which  handled  groups.  In  this  case,  the 
comes  more  complex  and  one  or  more  totalizes  completed  local  calls.  There  actual  initiator  for  the  repeat  func- 
of  a  group  of  possible  events  must  be  are  also  group  or  totalizing  counters  tion,  rather  than  being  a  mechanical 
chosen,  then  the  end-action  becomes  to  combine  the  individual  counts  switch  or  phototube,  is  the  contacts 
one  of  selection.  For  example,  in  a  from  several  sources.  Such  counters  of  a  relay  actuated  by  the  previous 
typical  airport  installation  the  bor-  were  used  at  the  New  York  World’s  end-action, 
der  lights,  beacon  light  or  any  one  Fair,  where  impulses  from  each  en- 

of  several  radio  transmitters  may  be  trance  gate  w'ere  totalled  to  show  Relayi,  Switches 

turned  on  by  use  of  an  initiator  dial,  complete  attendance  on  an  indicator 

In  the  case  of  the  transmitters,  the  atop  the  National  Cash  Register  dis-  What  equipment  is  available  to  the 
selection  operation  might  choose  any  play.  Other  specialized  counters  may  engineer  for  accomplishing  electrical 

one  of  several  different  radio  fre-  provide  for  performance  of  a  power  remote  control?  Relays,  rotary 

quencies  and  thereafter  pick  either  function  when  a  predetermined  count  switches,  keys,  lamps,  jacks,  plugs, 
phone  or  code  transmission.  Beyond  is  reached.  and  other  needed  components  are 

that,  in  the  case  of  phone  transmis-  It  will  be  obvious  that  the  fore-  available  from  many  manufacturers 
sion,  a  specific  circuit  path  for  audio  going  end-actions  can  be  combined,  and  every  engineer  working  with  re¬ 
frequency  input  might  also  be  se-  In  fact,  it  is  often  the  case  that  one  mote  control  will  find  it  valuable  to 
lected.  end-action,  such  as  counting,  becomes  have  at  his  finger  tips  a  library  of 

Registrations  are  end-actions  in  the  initiator  for  a  succeeding  end-  catalogs,  which  usually  offer  complete 
which  some  visible  or  audible  regis-  action,  such  as  registration.  For  ex-  information  as  to  operating  charac- 

tration  is  produced.  Examples  are  ample,  in  a  folding  machine  used  in  teristics,  sizes,  limitations  and  spe- 

Ihe  simple  annunciator  systems  in  printing  plants  a  preset  counter  op-  cial  features. 

factories  or  business  offices  and  the  erated  from  a  phototube  is  arranged  Before  consulting  such  catalogs  it 
complex  moving  electric  signs  which  to  stop  the  machine  momentarily  is  essential  to  have  a  general  under¬ 
post  the  news  of  the  day  under  con-  when  the  preset  count  is  reached  and  standing  of  relays  and  their  capa- 
trol  of  an  electric  typewriter  key-  then  to  reset  and  start  the  folder  bilities,  since  they  are  the  primary 
board.  The  community  fire  alarm  over  again.  This  momentary  stop  equipment  tool. 
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The  simplest  d-c  relay  consists  of 
an  electromagnet,  an  armature  and 
a  set  of  contacts.  Commercial  tele¬ 
phone-type  relays  are  Available,  how¬ 
ever,  having  characteristics  that 
make  them  ideally  suitable  for  a  wide 
variety  of  applications.  For  example, 
there  are  simple  quick-acting  relays 
with  operate  times  (interval  from 
circuit  closure  to  contact  actuations) 
of  2  to  25  milliseconds  and  release 
times  (interval  from  circuit  opening 
to  restoration  of  contact  to  normal) 
of  5  to  50  milliseconds.  Since  this 
operate  time  depends  upon  the  inter¬ 
val  required  for  the  magnetic  flux 
to  rise  to  a  point  capable  of  moving 
the  relay  armature,  plus  the  time 
needed  for  the  relay  armature  to 
actuate  the  contacts,  maximum  speed 
for  any  particular  type  of  relay  will 
be  realized  when  the  coil  inductance 
is  at  a  minimum,  thus  permitting  the 
flux  to  rise  at  a  maximum  rate. 
Minimizing  coil  inductance  is  use¬ 
ful  when  there  is  no  limitation  upon 
the  amount  of  current.  Where  cur¬ 
rent  limitation  exists,  then  maximum 
speed  is  often  obtained  by  providing 
a  winding  which  will  develop  approx¬ 
imately  twice  the  number  of  ampere 
turns  needed  to  just  operate  the 
relay. 

Under  other  conditions,  it  may  be 
desirable  to  slow  up  relay  contact 
closure  and  this  can  be  accomplished 
by  increasing  coil  core  air  gaps, 
spring  tension  and  the  inductance  of 
the  relay  coil.  In  addition,  a  short- 
circuited  winding,  slug  or  sleeve  can 
be  placed  on  the  relay  coil  to  obtain 
total  closure  delays  up  to  approxi¬ 


mately  100  milliseconds.  The  delay 
will  vary  in  inverse  ratio  to  the  re¬ 
sistance  of  the  slug  or  sleeve. 

To  slow  up  release,  core  gaps  and 
spring  tension  can  be  set  at  a  mini¬ 
mum.  The  addition  of  a  slug  or  sleeve 
will  provide  a  further  delay  up  to  a 
total  of  approximately  one-half 
second. 

Considerable  design  leeway  can 
also  be  provided  by  judicious  use  of 
capacitors.  For  instance,  a  large  ca¬ 
pacitor  in  parallel  with  the  relay 
winding  will  so  rob  the  relay  of  cur¬ 
rent  during  the  early  stages  of  cir¬ 
cuit  closure  that  the  relay  w  ill  be  de¬ 
layed  in  its  operation.  Delay  time 
can  be  controlled  to  some  extent  by 
placing  a  variable  resistance  in  the 
circuit.  On  release,  such  a  capacitor 
acts  like  a  small  storage  battery  in 
parallel  with  the  relay  after  the  ini¬ 
tiating  circuit  is  opened  and  thus 
holds  the  relay  in  the  operated  posi¬ 
tion  until  energy  in  the  capacitor  is 
dissipated.  A  simple  relay  with  a 
large  shunt  capacitor  provides  re¬ 
lease  delays  up  to  as  much  as  30 
seconds.  Some  release  delay  can  also 
be  obtained  by  the  u.se  of  a  parallel 
non-inductive  resistance.  When  the 
coil  circuit  is  opened,  the  induced 
voltage  will  cause  a  current  to  cir¬ 
culate  through  the  non-inductive  re¬ 
sistor  and  the  coil  and  thus  delay 
release. 

So  far  no  mention  has  been  made 
of  a-c  relays.  There  is  a  reason.  The 
a-c  relay  is  not  as  versatile  as  the  d-c 
relay.  There  is  no  comparably  sim¬ 
ple  means  of  varying  the  operate  or 
release  time.  Additionally,  an  a-c 


relay  ordinarily  starts  to  pick  up  on 
approximately  75  percent  of  the  cur¬ 
rent  needed  to  completely  operate 
it  and  to  hold  the  armature  against 
the  core  without  “chatter”  or  vibra¬ 
tion.  This  makes  it  difficult  to  use  an 
a-c  relay  in  circuits  w’here  the  cur¬ 
rent  rises  from  zero  to  a  maximum 
over  a  relatively  long  period  of  time 
and  where  the  relay  is  intended  to 
pick  up  w'hen  the  current  or  voltage 
reaches  a  predetermined  intermedi¬ 
ate  point.  Further,  a-c  relay  coil  re¬ 
sistance  at  60  cps  is  about  ten  times 
the  d-c  resistance  in  telephone  type 
relays  and  the  large  number  of  turns 
commonly  employed  on  a  d-c  relay  is 
not  possible.  Power,  therefore,  must 
be  obtained  by  an  increase  in  cur¬ 
rent.  This  introduces  more  heating 
and  attendant  ills.  There  are  many 
applications,  however,  where  it  is 
desired  merely  to  have  a  relay  oper¬ 
ate  on  a  closed  circuit  and  release  on 
an  open  circuit  and  d-c  current  is  at 
a  premium.  Under  such  conditions, 
the  use  of  an  a-c  relay  is  w'ell  jus¬ 
tified. 

A  selection  sw’itch  is  an  electrically 
operated  mechanical  device  arranged 
so  that  a  wiper  or  contact  arm  may 
be  caused  to  contact  any  one  of  many 
bank  contacts,  under  control  of  a 
solenoid  or  magnet  which  is  operated 
from  an  initiating  device  such  as  a 
pushbutton  or  dial  or  the  contacts  of 
a  relay.  Among  those  most  com¬ 
monly  knowm  are  “Strowger” 
switches.  These  fall  into  three  classi¬ 
fications.  The  first  consists  of  single 
motion  switches  which  transmit  only 
rotary  motion  to  the  wipers  and 


Text  material  typed,  handwritten,  drawn,  painted  or  stamped  on  which  the  material  moves  on  its  reel  may  be  varied  irom  a 

a  transparent  cellophane  web  is  projected  to  the  screen  oi  the  remote  point  by  manipulation  of  the  dial  shown  in  the  foreground 

Trans-Lux  Visualixer  for  educational  purposes.  The  speed  at  oi  the  picture  at  the  right 


Flight  data  typod  out  in  distant  oiiicos  is 
automatically  registered  on  a  board  in  the 
administration'  building  at  one  of  the  na¬ 
tion's  busiest  airports.  Operators  in  the 
administration  building  may  also  register 
pertinent  data  by  using  their  own  local 
keyboards.  A  close-up  of  a  section  oi  the 
boord.  designed  by  the  Teleregister  Cor¬ 
poration,  is  shown 


make  use  of  this  rotary  motion  both 
for  selection  of  contacts  and  restora¬ 
tion  of  the  wipers  to  normal.  A  com¬ 
mon  switch  of  this  type  has  25  con¬ 
tacts  in  a  row  associated  with  each 
wiper  or  level  and  from  1  to  6  levels. 
Switches  of  this  type  are  indirect 
stepping  varieties  since  energizing 
the  magnet  “cocks”  the  spring,  which 
in  turn  advances  the  wipers  one  step 
when  the  magnet  is  de-energized. 
Homing,  or  restoration  of  the  wiper 
to  its  original  position,  is  accom¬ 
plished  by  interrupter  contacts  on 
the  magnet  which  generate  impulses 
to  advance  the  switch  around  the 
circle. 

A  second  class  of  switch  has 
single-action  selection,  with  a  spe¬ 
cial  release  action  which  returns  the 
wipers  to  normal,  or  home,  through 
the  same  arc  traversed  in  the  original 
action.  A  rotary  magnet  advances  the 
wipers  and  at  the  same  time 
stretches  an  attached  coil  spring 
w’hich  restores  the  wipers  when  the 
positioning  detent  or  latch  is  disen¬ 
gaged  by  the  operation  of  the  release 
magnet.  This  switch  is  commonly 
called  a  minor  switch. 

The  third  class  of  switch  has  two- 
motion  selection  and  a  separate  re¬ 
lease  action.  A  shaft  carrying  one  or 


more  wipers  is  stepped  vertically  by 
one  set  of  magnets  and  rotated  hori¬ 
zontally  by  another  set  of  magnets. 
As  in  minor  switches,  springs  return 
the  wipers  to  normal,  or  home,  posi¬ 
tion  when  the  positioning  detent  is 
removed  by  operation  of  a  release 
magnet.  Usually  up  to  10  rows  of 
contacts  with  10  contacts  per  row  are 
associated  with  each  wiper  to  pro¬ 
vide  for  a  maximum  of  100  selec¬ 
tions.  Minor  and  two-motion 
switches  are  of  the  direct  stepping 
variety  since  the  wipers  are  advanced 
as  the  switch  magnet  is  energized. 

In  general,  the  amount  of  current 
required  by  selection  switches  of  the 
type  described  ( to  1  amp  at  50  volts 
dc)  prohibits  their  u.se  directly  over 
wire  of  any  appreciable  length.  Con¬ 
sequently,  a  more  sensitive  relay  is 
frequently  operated  over  the  line 
and  the  switch  is  operated  from  con¬ 
tacts  on  this  relay. 

Choosing  Equipment 

There  are  six  major  factors  to  be 
considered  whenever  relays  or  selec¬ 
tion  switches  are  to  be  used  for  any 
application.  They  are; 

1.  Voltage  available 

2.  Operating  temperature  range 

3.  Environmental  conditions  such 
as  humidity,  salt  air,  vibration 

4.  Reliability  required 

5.  Speed  at  which  equipment  must 
operate 


6.  Life  cycle  of  the  equipment 
'  number  of  operations) 

1.  Voltage.  The  most  common  tele¬ 
phone  circuit  control  voltage  is  50 
volts  dc.  However,  telephone  type 
equipment  can  usually  be  obtained 
to  operate  on  direct  voltages  from  6 
to  110.  When  using  low  voltages, 
consideration  must  be  given  to  the 
increased  wire  size  necessary  to 
handle  the  associated  higher  cur¬ 
rent,  increased  contact  erosion  prob 
lems,  and  the  probabilities  of  in¬ 
creased  dirty  contact  troubles  (which 
may  be  partially  overcome  by  heavier 
contact  pressures).  At  the  other  end 
of  the  scale,  higher  voltages  may 
create  a  contact  arcing  problem  be¬ 
cause  of  the  ability  of  higher  vol¬ 
tages  to  break  down  larger  air  gaps 
They  also  produce  higher  induced 
voltages,  which  increase  the  electri¬ 
cal  shock  hazard.  Then,  too,  more 
insulation  is  required,  especially 
where  underwriters’  requirements 
must  be  met  in  the  form  of  high  vol¬ 
tage  insulation  tests  of  twice  normal 
plus  one  thousand.  It  is  also  desir¬ 
able,  if  not  actually  required,  that 
wires  carrying  the  higher  voltages 
and  extending  outside  the  control 
equipment  housing  case  be  enclosed 
in  conduit. 

2.  Operating  temperature  range 
is  not  ordinarily  as  much  of  a  limit¬ 
ing  factor  with  telephone-type  ap- 

(Continned  on  page  173) 
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WELDING  CONTROL  . . .  Part  4 


Tubes  are  widely  used  to  control  the  power  retfuired  for 
resistance  welding.  Many  power  tube  circuits  inherently 
provide  a  certain  measure  of  control  unobtainable  by 
electrical  or  mechanical  means.  Electronic  timers  dis¬ 
cussed  in  detail  in  the  text  complete  the  job 


By  S.  A.  CLARK 
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PREVIOUS  ARTICLES  in  this  series 
have  described  various  kinds  of 
electronic  control  systems  used  in 
resistance  welding,  with  particular 
emphasis  upon  power  circuits.  This 
article  concentrates  upon  the  re¬ 
quirements,  types  and  operation  of 
electronic  timers  associated  with 
such  circuits. 

In  making  a  resistance  weld,  there 
are  several  operations  that  have  to 
be  controlled  or  timed  in  proper  or¬ 
der.  That  is,  the  mechanical  opera¬ 
tion  of  the  welder  has  to  be  co-ordin¬ 
ated  with  the  application  of  welding 
current.  The  nature  of  the  resis¬ 
tance  welding  process  is  such  that 
controlling  the  elapsed  time  is  a  nat¬ 
ural  and  logical  means  for  control¬ 
ling  mo.st  of  the  operations.  The  time 
unit  is  the  cycle,  or  1/60  sec.  for  a 
60-cps  power  supply.  This  time  unit 
is  used  since  most  of  the  operations 
that  take  place  during  a  single  weld 
re(iuire  only  a  fraction  of  a  second 
of  time.  That  is,  a  single  weld  re¬ 
quiring  from  three  to  five  operations 
may  require  less  than  a  total  elapsed 
time  of  30  cycles  or  1  sec. 

Wtiding  Operations 

When  making  a  resistance  weld 
the  principal  operations  that  take 
place  and  require  timing  are; 

(1)  The  electrodes  close,  apply¬ 


ing  pressure  to  the  work  piece.  This 
operation  is  timed  so  that  weld  cur¬ 
rent  is  started  at  the  end  of  this 
operation ;  this  is  called  the  “squeeze 
time.”  Electronic  timing  for  this 
operation  is  not  usually  required  as 
a  pressure  switch  may  be  used  on  the 
welder. 

(2)  Current  flows  to  make  the 
weld.  For  spot  welding,  the  num¬ 
ber  of  cycles  that  current  is  allowed 
to  flow  must  be  timed.  This  is  called 
the  “weld  time.”  For  pulsation  weld¬ 
ing,  which  is  similar  to  spot  weld¬ 
ing  e.\cept  that  weld  current  is 
started  and  stopped  a  predetermined 
number  of  times  per  individual  weld, 
three  time  periods  must  be  provided; 
heat  time,  cool  time,  and  weld  inter¬ 
val.  The  total  time  that  weld  cur¬ 
rent  is  allowed  to  flow  is  called  the 
“heat  time.”  The  total  time  that  the 
current  is  stopped  between  pulsa¬ 
tions  is  called  the  “cool  time.”  The 
“weld  interval”  is  the  total  time 
during  which  heat  and  cool  pulsa¬ 
tions  per  individual  weld  take  place. 

(S')  Pressure  is  maintained  on 
the  work  piece  after  the  current 
stops,  while  the  weld  cools.  This 
time  period  is  called  the  “hold  time,” 
and  at  the  end  of  the  period  the 
electrodes  open,  completing  the  weld¬ 
ing  operation. 

(4)  An  additional  time  period, 
called  the  “off  time."  is  necessary 
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Typical  electronic  sequence  timer  of  the 
9B  type,  designed  for  use  with  welding 
power  control  units  of  the  synchronous 


variety 

where  repeat  operation  is  required. 
This  timing  starts  at  the  end  of  the 
hold  time,  when  the  electrodes  open, 
and  allows  the  operator  time  to  shift 
the  work  piece  to  a  new  position  be¬ 
fore  the  electrodes  reclose  to  start 
another  weld. 

Some  resistance  welding  processes 
require  additional  timing  periods  to 
control,  for  example;  the  application 
of  increasing  electrode  pressure  dur¬ 
ing  the  weld,  extra  heating  and 
cooling  periods  for  heat  treating 
purpo.ses,  etc. 

Timer  Types 

Timers  for  controlling  the  oper¬ 
ations  described  above  are  divided 
into  three  main  classes;  semi-auto¬ 
matic  weld  timers,  automatic  weld 
timers  and  seipience  timers. 

To  time  a  welder  having  a  non-syrt- 

6.^ 
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chronous  electronic  contractor  type 
of  power  control,  semi-automatic  and 
automatic  weld  timers  are  used.  The 
semi-automatic  weld  timer  deter¬ 
mines  the  weld  time  only,  whereas, 
the  automatic  weld  timer  determines 
the  weld  time  and  also  times  and 
controls  other  electrical  and  mechan¬ 
ical  functions  required  for  a  com¬ 
plete  welding  operation. 

The  sequence  timer  is  used  with 
synchronous  electronic  welding 
power  controls,  for  automatic  timing 
of  the  overall  sequence  of  operations. 
The  timing  of  the  weld  is  usually  in¬ 
cluded  as  part  of  the  synchronous 
control  unit,  rather  than  as  part  of 
the  sequence  timer. 

These  classes  are  further  sub-di¬ 
vided  into  types  to  provide  the  var¬ 
ious  combination  of  operations  re¬ 
quired.  There  are  tw’o  types  of  semi¬ 
automatic  weld  timers,  eight  types 
of  automatic  weld  timers,  and  eight 
types  of  sequence  timers.  The  Na¬ 
tional  Electrical  Manufacturer’s  As¬ 
sociation  has  assigned  numbers  to 
these  types,  as  follows: 

SEMI-AUTOMATIC  WELD  TIMERS 


7A  REPEAT,  NON-BEAT,  providing  hold 
and  oil  time. 

7B  REPEAT,  NON-BEAT,  providing 
•queexe,  hold,  and  oil  time. 

8A  PULSATION,  NON- REPEAT,  NON 
BEAT,  providing  weld  interval,  cool 
time,  and  hold  time. 

8B  PULSATION.  NON-REPEAT.  NON¬ 
BEAT,  providing  squeeze  time,  weld 
interval,  cool  time,  and  hold  time. 

9A  PULSATION.  REPEAT.  NON-BEAT, 
providing  weld  interval,  cool  time, 
hold  time,  and  off  time. 

9B  PULSATION.  REPEAT,  NON-BEAT, 
providing  squeeze  time,  weld  inter¬ 
val.  cool  time,  hold  time,  and  off 
time. 


PUBLISHED 

Spot  Welding  Controls 

(August,  page  3&) 


Seam  and  Pulsation  Welding 

(S«pt*mbar,  page  SS) 


Special  Welding  Controls 

(Octobar,  paga  &2) 


The  non-beat  feature  provides  that 
once  the  welding  cycle  has  been  ini¬ 
tiated  from  the  pilot  switch  the 
welding  cycle  will  then  be  carried 
through  to  completion,  regardless  of 
whether  the  pilot  switch  remains 
closed  or  not. 

The  timers  are  self-contained  units 
consisting  essentially  of  one  or  more 
electronic  timer  circuits  (with  ad¬ 
justable  time  range)  using  small 
thyratron  tubes  and  fast  acting  re¬ 
lays.  The  usual  time  rartges,  adjust¬ 
able  in  one  cycle  steps,  are :  30  cycles 
for  the  weld  heat  and  cool  timers,  60 
cycles  for  the  squeeze,  hold,  and  off 
timers  and  a  combination  180/360 
cycle  time  range  for  the  weld  inter¬ 
val  timers. 

Fig.  1  shows  a  typical  arrange¬ 
ment  of  welder  controls.  Fig.  2  is  an 
elementary  circuit  diagram  of  an 
automatic  weld  timer,  type  5A,  for 
use  with  an  electronic  contactor  type 
of  resistance  welding  control.  By¬ 
pass  capacitors,  etc.,  have  been  omit¬ 
ted  for  the  sake  of  simplicity.  Spot 
or  pulsation  welding  with  repeat, 
non-beat  operation  is  provided  by 
this  type  of  device,  which  has  indi¬ 
vidual  electronic  timers  for  weld  in¬ 
terval,  heat  time,  cool  time,  hold 
time,  and  off  time.  The  operation  of 
the  individual  timer  circuits  will  be 
considered  first  and  then  the  opera¬ 
tion  of  the  complete  weld  timer  will 
be  di.scus.sed. 


Energy  Storage  Controls 
Checking  Welding  Controls 


2B  NON-REPEAT.  NON-BEAT,  providing 
squeeze,  weld,  and  hold  time. 

3A  REPEAT.  NON-BEAT,  providing  weld, 
hold,  and  off  time  only. 

3B  REPEAT.  NON -BEAT,  providing 
squeeze,  weld,  hold  and  off  time. 

4A  PULSATION.  NON-REPEAT.  NON¬ 
BEAT,  providing  weld  interval,  heat 
and  cool  times,  and  hold  time. 

4B  PULSATION.  NON  -  REPEAT.  NON¬ 
BEAT.  providing  squeeze  time,  weld 
interval,  heat  and  cool  times,  and  hold 
time. 

5A  PULSATION.  REPEAT.  NON-BEAT, 
providing  weld  interval,  heat  and 
cool  times,  hold  time  and  off  time. 

5B  PULSATION.  REPEAT.  NON-BEAT, 
providing  squeeze  time,  weld  inter¬ 
val,  heat  and  cool  times,  hold  time, 
and  off  time. 


lA  NON-REPEAT  without  non-beat  fea¬ 
ture.  providing  weld  time  only;  for 
use  on  manual,  air,  or  motor-operated 
welders  having  maintained  contact 
type  initiating  switch. 

IB  PULSATION,  NON-REPEAT  without 
non-beat  feature,  providing  weld  in¬ 
terval.  heat  and  cool  times;  for  use  on 
manual,  air,  or  motor-operated  weld¬ 
ers  having  maintained  contact-type 
initiating  switch. 


SEQUENCE  TIMERS 


(For  use  on  air-operated  welders  operated 
from  electric  valves) 

6A  NON-REPEAT.  NON-BEAT,  providing 
hold  time  only. 

6B  NON-REPEAT,  NON-BEAT,  providing 
squeeze  and  hold  time. 


AUTOMATIC  WELD  TIMERS 


(For  use  on  air-operated  welders  operated 
from  electric  valves) 

2A  NON-REPEAT,  providing  weld  and 
hold  time. 


Etactronic  contactor  or 
.synchronous  welding 


Solenoid  valve 
on  welder 


Power 

supply 


Control 

power 


Circuit 

OreaKer 


Timing  Tube  Circuit  Operation 

Figure  3  shows  the  thyratron 
timing  tube  circuit  for  the  weld  in¬ 
terval  timer.  It  is  typical,  however, 
of  all  of  the  timing  tube  circuits 
enclosed  by  dashed  lines  in  Fig.  2 
with  the  exception  of  the  cool  timer. 

The  timing  tube  circuit  consists 
principally  of  a  telephone-type  relay 
marked  TD„  controlled  by  a  thyra¬ 
tron  tube  marked  tube  4,  the  time 
delay  action  being  obtained  by  the 


Valve. 


water 

Supply 

Outlet- 


cylinder 


Ttmoi* 


Welder 

If 

Initiating 

sw'itch 


Fig.  1 — Complete  setup  for  resistance  welding,  illustrating  a  typical  arrangement 
of  electrical  and  mechanical  as  well  as  electronic  controls 
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manner  in  which  the  tube  is  con¬ 
trolled.  The  tube  can  be  considered 
as  a  fast-acting,  circuit  closing  or 
opening  device  in  series  with  the  coil 
of  the  relay. 

An  a-c  potential  of  115  v  is  im- 
pre.ssed  across  the  circuit  from  point 
1  to  point  3.  A  voltage  divider  con¬ 
sisting  of  resistors  Pt,  and  i?,., 
provides  means  for  controlling  the 
voltage  on  the  control  grid  of  the 
tube.  Because  of  grid  rectification, 
direct  current  flows  in  the  control 
grid  circuit  of  the  tube  and  charges 
the  timing  capacitor  C,!  when  switch 
Si  is  in  the  closed  position  and  re¬ 
lay  contact  1-46  is  open,  as  illus¬ 
trated.  The  charging  current  is  un- 
directional  and  flow’s  from  point  1 
through  resistor  potentiometer 
P„  timing  capacitor  C^,  resistor 
through  the  tube  from  grid  to  cath¬ 
ode  (during  the  half  cycles  when 
point  1  and  the  grid  are  positive 
with  respect  to  point  3  and  the  cath¬ 
ode)  and  then  through  resistor  P.j 
to  point  3.  The  charge  on  C„  w  ill  be 
maintained  as  long  as  the  relay  con¬ 
tact  1-46  is  open.  Furthermore, 
w’hen  the  relay  contact  is  open  in  the 
cathode  circuit  of  the  tube,  anode 
current  cannot  flow  through  the  tul)e 
to  operate  the  TD,  relay  as  the  tube’s 
anode  and  cathode  are  connected  to 
the  same  side  of  the  line  and  are  at 
the  same  approximate  potential. 

When  the  relay  contact  1-46  is 
closed,  the  voltage  from  1  to  3  is 
applied  across  the  anode-cathode 
circuit  of  the  tube.  The  grid  voltage 
is  then  made  up  of  two  voltages,  the 
d-c  voltage  stored  up  in  timing  ca¬ 
pacitor  C,,  and  the  a-c  voltage  from 
point  1  to  point  41.  The  a-c  grid  vol¬ 
tage  tends  to  make  the  grid  positive 
at  the  .same  time  that  the  anode  is 
positive  but  the  negative  d-c  voltage 
across  the  timing  capacitor  Cn  is 
sufficient  to  momentarily  hold  the 
grid  negative  and  the  tube  does  not 
immediately  pass  current  through 
its  anode  circuit.  The  charge  in  tim¬ 
ing  capacitor  C„  slowly  discharges 
through  resistor  ( with  switch  S, 
closed)  and.  after  a  time  interval  de¬ 
pending  upon  the  values  of  timing 
capacitor  C,„  timing  resistor  /?„  and 
the  setting  of  potentiometer  P„  the 
grid  voltage  becomes  ecpial  to  or 
more  positive  than  the  critical  grid 
voltage  and  the  tube  passes  current 
(luring  the  half  cycles  in  which  the 
anode  is  positive,  energizing  relay 
TI),.  The  relationship  of  the  a-c  and 
d-c  grid  voltages,  plotted  against 
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2 — Elementary  diagram  of  a  5A  type  automatic  electronic  weld  timer  designed 
for  use  with  welding  power  control  units  of  the  non-synchronous  electronic  contactor 
variety.  Circuits  inclosed  by  the  dashed  lines  are  shown  in  simplified  form 


time,  is  shown  graphically  in  Fig.  4. 

Referring  to  Fig.  4,  .4  is  the  d-c 
voltage  charge  on  capacitor  r„  that 
is  maintained  until  the  relay  con¬ 
tact  1-46  in  the  cathode  circuit  is 
clo.sed.  .4,  is  the  d-c  voltage  on 
capacitor  f’,,  at  some  time  after  the 
relay  contact  1-46  is  closed.  E  is  the 
actual  voltage  on  the  grid  at  some 
l)articular  time  after  the  relay  con¬ 
tact  is  closed,  E  being  the  sum  of 
the  capacitor  C„  voltage  and  the  a-c 


voltage  at  that  given  instant. 

The  d-c  voltage  continues  to  leak 
off  through  timing  resistor  until 
such  time  as  the  sum  of  the  a-c  and 
the  d-c  voltage  is  approximately  zero, 
at  which  time  the  anode  will  pass 
current  and  pick  up  relay  T/l,.  The 
time  delay  in  Fig.  4  is  seen  to  be  5 
cycles.  If  potentiometer  P,  i.s  moved 
toward  point  40  the  d-c  voltage  of 
timing  capacitor  (’«,  will  increase  and 
the  a-c  voltage  from  point  1  to  41 
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Fig.  3 — Simplified  diagram  of  a  typical  thyratron  hibe  timer  cir¬ 
cuit.  It  ii  the  basis  of  design  for  all  the  individual  timing  units 
shown  within  the  dashed  lines  of  Fig.  2  except  the  cool  timer 


Fig.  4 — Grid  voltage  characteristic  of  typical  timer  circuit. 
When  the  sum  of  the  d-c  voltage  and  the  instantaneous  a-c 
voltage  equals  sero  the  thyratron  timing  tube  will  fire 
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CRi  close,  preparing  the  circuit  of 
relay  CRs. 

After  the  electrodes  of  the  welder 
close,  contacts  16A-16B  on  the  pres¬ 
sure  switch  (mounted  on  the  w^elder) 
close  and  energize  relay  C/?,.  Relay 
CRi  seals  closed  through  its  own 
normally  open  contacts  16A-16B.  At 
the  same  time,  CRi  relay  contacts  2- 
46A  close  to  energize  relay  CR^  since 
TDi  relay  contacts  46A-26A  are  al¬ 
ready  closed.  Furthermore,  CRi  re¬ 
lay  contacts  2-46  close  to  initiate  the 
weld  interval  timer,  which  starts 
timing.  CR,  contacts  8A-8B  close 
the  control  circuit  to  the  electronic 
contactor  and  start  the  weld  current 
flowing.  CR.  relay  contacts  5-36 
open  as  soon  as  relay  CR.  closes, 
opening  the  cathode  circuit  to  the 
cool  timer  and  dropping  out  relay 
TDi.  TDi  relay  contacts  26-26A  then 
close  in  the  cathode  circuit  of  the 
heat  timer,  which  starts  timing  since 
CRi  contacts  46A-26A  are  already 
closed.  The  latter  contacts  also  seal 
around  TDi  contacts  46A-26A,  which 
have  just  opened,  and  thus  maintain 
relay  CR^  energized. 

Summarizing  to  this  point,  the 
weld  current  has  started  to  flow  and 
the  heat  and  weld  interval  timers 
have  started  timing.  Ao  soon  as  the 
heat  timer  times  out,  ending  the 


heat  time,  relay  TD..  in  the  anode 
circuit  of  the  heat  timer  closes  and 
its  contacts  4-26A  open  to  de-ener- 
gized  relay  CR,.  VV’eld  current  stops 
flowing  since  CR-,  relay  contacts  8A- 
8B  open  the  control  circuit  to  the 
electronic  contactor.  Furthermore, 
CR.,  relay  contacts  26A-46A  open  to 
drop  out  relay  TD.,  and  the  heat  timer 
resets.  Also,  CR.  relay  contacts  5-36 
close  the  cathode  circuit  to  the  cool 
timer,  which  starts  timing. 

As  soon  as  the  cool  timer  times 
out,  ending  the  cool  time,  relay  TD, 
is  energized  and  its  contacts  26A- 
46 A  close  to  energize  relay  CR,. 
The  closing  of  relay  CR,  starts  an¬ 
other  heat  time,  which  in  turn  is 
followed  by  a  cool  time  (the  oper¬ 
ations  chart  of  Fig.  6  shows  only  one 
cool  time  interval,  for  simplicity  of 
illustration)  and  this  series  of  oper¬ 
ations  repeats  continuously  until  the 
weld  interval  timer  times  out.  As¬ 
suming  that  the  weld  interval  timer 
times  out  energizing  relay  TD,  dur¬ 
ing  a  heat  time,  contacts  3-5  on  relay 
TD,  open  the  cathode  circuit  to  the 
cool  timer,  stopping  the  repeating 
action  of  the  heat  and  cool  timers. 
Also,  TD,  relay  contacts  2-70  close 
in  the  cathode  circuit  of  the  hold 
timer.  The  hold  timer  cannot  be 
initiated,  however,  until  the  end  of 


the  heat  time,  when  the  CR.  relay 
drops  out  and  its  contacts  70-71 
close,  completing  the  initiating  cir¬ 
cuit  to  the  cathode  of  the  hold  timer, 
which  starts  timing.  Contacts  70-71 
of  CR„  in  the  cathode  initiating 
circuit  of  the  hold  timer,  prevents 
a  hold  timer  with  a  short  time 
setting  being  initiated  and  timing 
out  during  a  heat  time,  which  would 
cau.se  the  opening  of  the  welder 
electrodes  during  a  weld. 

When  the  hold  timer  times  out, 
ending  the  hold  time,  relay  TD,.  is 
energized  and  its  contacts  2-16C 
open,  dropping  out  relay  CR,.  Relay 
CR,  contacts  7A-7B  open  the  circuit 
to  the  solenoid  valve  on  the  welder, 
resulting  in  the  opening  of  the  welder 
electrodes,  and  contacts  1-2  open  the 
sealing  circuit  around  the  foot 
switch,  dropping  out  relays  CR,, 
TD,  and  TD„  to  complete  the  welding 
cycle.  If  the  foot  switch  has  been 
kept  closed,  relay  TD,.  will  remain 
closed,  holding  open  the  circuit  to 
relay  CR,  since  TD-.  relay  contact 
2-70  seals  around  TD,  relay  contact 
2-70  to  maintain  relay  TD^  energized. 
Relay  TD,.  will  then  drop  out  as 
soon  as  the  foot  switch  is  opened. 

For  repeat  operation,  switch  S, 
in  the  cathode  circuit  of  the  off  timer 
(Continued  on  page  170) 


j  Rg.  5 — Elementary  diagram  of  cool  timer 

circuit.  It  resembles  the  circuit  of  Fig.  3 
I'  but  a-c  supply  leads  are  reversed  to  se- 

^  cure  required  polarity  conditions 


I  Fig.  6 — Chart  graphically  illustrating  the 

I  operation  of  automatic  weld  timer  type 

j  5A,  shown  schematically  in  Fig.  2.  The 

i  notation  at  the  beginning  and  at  the  end 

I  of  a  circuit  or  relay  operation  indicates  the 

I  relay  or  device  that  closed  or  opened  the 

p  circuit 
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An  application  of  electron  tubes  to  analyze  not  only  the  degree  of  roughness  of  a  surface 
but  the  character  of  the  surface;  utilizes  a  Rochelle  salt  piezoelectric  crystal,  an  ampli¬ 
fier  and  an  oscillograph.  Direct  reading  graph  immediately  available  after  test 


SURFACE  roughness,  as  defined  larities  with  wavelengths  much  tive  data  and  of  these  the  tracer 

by  the  American  Standards  As-  longer  than  their  peak-to-valley  am-  method  is  most  sensitive.  |  ' 

sociation  Committee  B46,  applies  to  plitudes,  and  that  a  sharp  exploring  The  tracer  method  of  measuring 
recurrent  or  random  irregularities  in  point  having  a  spherical  radius  as  surface  roughness  is  the  currently  j 

a  surface  having  the  form  of  small  large  as  500  micro-inches  can  be  used  accepted  practical  method  and  con-  e 

waves  or  bumps.  It  is  generally  con-  to  measure  the  amplitudes  of  the  sists  primarily  of  a  means  for  mov-  . 

sidered  that  on  smooth  machined,  principle  irregularities.  ing  a  sharp  tracer  point  over  the 

or  other  industrially  important  sur-  The  various  methods  used  for  surface  and  recording  or  indicating  i 


Fig.  1 — A  complete  setup  for  measuring  surface  roughness  composed  of  a  hill-and-dale 
pickup,  a  means  for  moying  the  pickup  oyer  the  surface  and  amplifier  with  oscillograph 


An  Instrument  for  IVEeasuring 


faces,  these  irregularities  have  wave-  evaluating  surface  roughness  are  its  motions  as  a  departure  from  a 


lengths  that  are  shorter  than  inch, 
and  have  peak-to-valley  amplitudes 
in  excess  of  one  millionth  of  an  inch 
(1  micro-inch).  It  is  also  fairly  well 
established  that  most  metal  finish¬ 
ing  methods  produce  surface  irregu- 


70 


visual  inspection,  with  or  without 
optical  aids,  feel  and  fingernail  tests, 
miscroscopic  examination  of  cross- 
sectioned  specimens,  and  by  using 
tracer  instruments.  The  latter  two 
are  the  only  ones  that  give  quantita- 


geometrically  perfect  surface. 

One  of  the  early  tracer  instru¬ 
ments  designed  and  built  at  the  Uni¬ 
versity  of  Michigan  by  Dr.  E.  J. 
Abbott  employs  optical  methods  of 
magnifying  angular  motions  im- 
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Surface  Roughness 


By  CHARLES  K.  GRAVLEY 


parted  to  a  mirror  by  a  tracer  point 
that  is  moved  across  the  surface  be- 
in^  measured. 

A  tracer  instrument  of  the  oscillo¬ 
graphic  type  should  be  able  to  mag¬ 
nify  the  tracer  motions  at  least 
50,000  times  and  preferably  100,000 
times  if  it  is  used  to  measure  all  in¬ 


dustrially  important  surfaces.  An 
electronic  amplifier  is  the  logical 
method  of  obtaining  magnifications 
as  large  as  this,  and  by  its  use,  and  a 
proper  choice  of  electromechanical 
transducers,  an  efficient  and  practical 
instrument  can  be  designed. 

The  Brush  surface  analyzer  pic¬ 


tured  in  Figs.  1  and  2,  and  shown  in 
block  diagram  form  in  Fig.  3,  is  an 
instrument  that  is  being  successfully 
applied  to  the  measurement  of  sur¬ 
face  roughness.  This  instrument 
consi.sts  of  an  amplifier,  a  direct 
inking  oscillograph,  and  a  specially 
designed  hill-and-dale  pickup  with  a 
means  for  moving  it  over  the  surface 


to  be  studied. 

Picliup  and  Galvanometer 

The  pickup  and  oscillograph  gal¬ 
vanometer  merit  special  attention, 
since  they  are  u.sed  as  electrome¬ 
chanical  transducers.  Piezoelectric 
crystals  provide  special  advantages 
for  this  application. 

The  utility  of  any  surface  rough¬ 
ness  measuring  instrument  is  de¬ 
pendent  on  such  factors  as  porta¬ 
bility,  simplicity  and  speed  of  opera¬ 
tion.  the  amount  of  information  <  b- 


Fig.  3 — Block  diagram  of  the  surface  analyzer  showing  method  by  which  tracer  taincd,  and  mote  especiall\,  its  abil 
point  follows  indentations  in  surface  to  be  measured  if.'’  f*’  measure  all  sizes,  shapes,  and 
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Fig.  4 — Resistance-capacity,  three-stage  ampliiier  tor  use  between  Rochelle 
salt  crystal  and  oscillograph.  Amplifier  gain  is  approximately  100,000 


kinds  of  specimens.  Nearly  all  of 
these  factors  involve  the  design  of 
the  pickup  and  its  actuating  mechan¬ 
ism. 

The  ideal  pickup  assembly  might 
consist  of  a  very  small  low-pressure 
tracer  point,  coupled  by  some  dimen¬ 
sionless  means  to  a  suitable  trans¬ 
ducer,  and  a  means  for  moving  it 
over  all  surface  contours.  All  of  this 
is  not  to  be  realized  in  these  instru¬ 
ments  at  present ;  however,  by  the 
choice  of  a  suitable  transducer  unit, 
such  as  a  “bimorph”  element  of 
piezoelectric  Rochelle  salt,  the  size, 
weight,  and  shape  of  the  pickup  per¬ 
mit  a  favorable  approach  to  the 
ideal. 

The  crystal  used  in  the  surface  an¬ 
alyzer  pickup  is  of  small  size  1*  x  2  x 
0.030  inch,  requires  a  small  actuating 
force  (less  than  0.1  gm).  has  a  high 
order  of  sensitivity  ( 1.2  millivolts 
per  micro-inch),  and  a  relatively 
high  electrical  capacity  (0.02  juf).  It 
is  housed  in  an  arm  that  carries  a 
positioning  shoe  and  tracer  point. 
Fig.  2.,  and  has  a  form  that  permits 
the  measurement  of  internal  bores 
as  small  as  a'a  inch,  external  cylindri¬ 
cal  surfaces  larger  than  r'h  inch,  and 
all  flat  surfaces.  When  the  pickup 
is  coupled  to  the  oscillograph  ampli¬ 


fier  which  has  an  input  resistance  of 
10  megohms,  it  develops  a  voltage 
that  is  proportional  to  tracer  point 
amplitude,  independent  of  frequen¬ 
cies  from  3  to  approximately  500  cps 
and  temperatures  below  45  to  50  deg. 
C.  The  conductivity  of  the  crystal  at 
higher  temperatures  causes  a  loss  in 
low  frequency  sensitivity. 

The  pen  galvanometer,  used  to  re¬ 
cord  the  roughness  pattern  on  a  mov¬ 
ing  chart,  has  an  amplitude  response 
that  is  proportional  to  voltage,  and 
essentially  independent  of  frequency 
below  60  cps.  It  has  a  sensitivity  of 
0.02  mm  per  volt,  and  an  effective 
impedance  of  100,000  ohms,  which 
permits  coupling  directly  to  the  out¬ 
put  of  radio  receiver  types  of  vacuum 
tubes.  A  high  order  of  efficiency  is 
realized  for  this  type  of  device  since 
only  2.5  volt-amperes  are  required 
to  obtain  the  full  amplitude  of  2 
inch  each  side  of  zero. 

Amplifier  for  Oscillograph 

The  galvanometer  unit  is  approxi¬ 
mately  2  inches  wide,  4  inches  high 
and  4  inches  deep,  and  weighs  about 
2  lbs.  Its  size  and  weight,  plus  the 
weight  saving  design  it  permits  in  a 
driving  amplifier,  provides  good  port¬ 
ability  for  this  type  of  instrument. 


The  amplifier  shown  schemati¬ 
cally  in  Fig.  4  is  a  resistance-capac¬ 
ity  coupled  three-stage  unit  having 
an  overall  voltage  gain  of  approxi¬ 
mately  100,000.  It  is  designed  to 
drive  the  direct  inking  oscillograph 
and  is  required  to  deliver  500  volts 
rms  from  1  to  60  cps.  The  plate  sup¬ 
ply  of  the  first  two  stages  has 
additional  filtering  to  minimize  dis¬ 
turbances  resulting  from  line-voltage 
fluctuation.  The  use  of  un-bypassed 
separate  bias  resistors  in  the  final 
stage  provides  some  inverse  feed¬ 
back,  which  reduces  distortion  and 
d-c  unbalance  to  a  point  where  it  is 
not  neces.sary  to  carefully  match  the 
output  tubes. 

Oscillograph  and  Drive  Head 

The  input  of  the  amplifier  is 
equipped  with  a  stepped  attenuator 
having  an  impedance  of  10  megohms. 
A  calibration  circuit  is  provided  so 
that  input  voltage  can  be  compared 
with  a  measured  alternating  voltage. 
The  gain  control  between  the  first 
and  second  stage  provides  limited 
adjustment  of  the  gain  and  overlaps 
the  10  to  1  change  in  sensitivity  ob¬ 
tained  with  the  input  attenuator  in 
the  grid  circuit  of  the  6J7. 

The  oscillograph  as  a  unit  consists 
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the  direct  inking  pen  galva-  ing  the  open  circuit  voltage  with  a  calibrating  voltage,  corresponding  to 
lometer  attached  to  a  chart  drive  vacuum  tube  electrometer.  This  re-  the  pickup  sensitivity,  or  by  measur- 
mechanism  which  is  powered  by  a  suit  was  checked  by  allowing  the  ing  the  ruled  glass  calibrating 
synchronous  motor,  providing  read-  tracer  to  ride  over  a  shim  of  known  block.  The  part  to  be  measured  is 
ily  selected  chart  speeds  of  0.5  to  2.5  thickness,  and  measuring  the  volt-  then  set  up  by  placing  it  in  a  V 
and  12.5  cm  per  second,  or  approxi-  age  with  the  oscillograph.  block,  if  cylindrical,  and  lining  it  up 

mately  !  to  1  and  5  inches  per  second.  An  a-c  calibration  at  amplitudes  with  the  direction  of  pickup  travel 
The  drive  head,  powered  by  a  of  1  to  10  micro-inches  was  obtained  and  adjusting  the  height  of  the  drive 
synchronous  motor,  applies  a  con-  by  actuating  the  pickup  tracer  point  lead  until  the  pickup  is  approxi- 
stant  velocity  reciprocating,  straight  with  a  45  deg.  B-cut  crystal  of  Ro-  mately  horizontal  when  resting  on 
line  motion  h  inch  in  length  to  the  chelle  salt.  The  physical  and  elec-  the  surface.  If  the  stepped  attenua- 
pickup.  The  pickup  can  be  set  at  trical  constants  for  this  crystal  are  tor  is  set  for  the  right  sensitivity 
almost  any  angle  to  the  drive  head  in  accurately  known,  so  that  small  the  chart  drive  is  started  and  al- 
the  plane  of  motion  and  its  height  known  amplitudes  are  obtained  by  lowed  to  run  for  approximately  20 
can  be  adjusted  by  means  of  a  hand  applying  measured  voltages  to  the  seconds.  The  chart  .should  then  be 
wheel  on  the  pickup  head.  crystal.  two  cycles  in  length,  and  the  respec- 

By  .setting  the  pickup  at  right  Though  the  pickui)  amplitude  cali-  tive  cycles  should  be  identical  if  the 
angles  to  the  direction  of  motion  it  bration  is  known,  the  equipment  test  specimen  has  been  properly 
is  possible  to  measure  narrow  sur-  may  still  be  in  error  if  the  tracer  cleaned  and  .set  up. 
faces,  slots,  and  the  circumferential  point  is  damaged  in  any  way.  In 

roughness  of  small  diameter  parts,  use,  an  overall  check  on  the  ampli-  Operation  of  the  Analyier 

rubber  cushioned  surface  plate  tude  calibration,  and  the  condition  It  should  be  noted  that  the  critical 
is  t)rovided  to  support  the  drive  of  the  tracer  point  is  obtained  by  operation  of  moving  the  tracer  over 
head  and  the  test  specimen,  however,  measuring  two  ruled  lines  of  known  the  surface  is  performed  automati- 
the  drive  head  can  be  placed  on  or  depth.  A  piece  of  polished  glass  is  cally  and  is.  therefore,  independent 
clamped  to  any  stable  support  that  ruled  with  two  lines,  one  approxi-  of  the  operator’s  skill,  that  the  chart 
rigidly  couples  the  unit  to  the  sur-  mately  100  micro-inches  deep  and  the  provides  a  means  of  checking  the 
face  being  measured.  other  10  micro-inches  deep.  The  100-.  accuracy  of  the  measurement,  and 

micro-inch  line  is  not  very  dependent  is  a  measurement  of  surface  charac- 
Pickup  Calibration  condition  of  the  tracer  point  ter  as  well  as  roughness. 

The  amplitude  calibration  of  the  and  is  used  to  check  the  overall  cali-  The  charts  shown  in  Fig.  5  are 
pickup  has  been  established  and  bration.  The  .small  line  is  then  used  of  surfaces  that  are  being  produced 
checked  by  several  methods,  and  the  to  check  the  condition  of  the  tracer  by  mass  production  methods.  The 
results  have  agreed  to  within  10  point.  ground  surface  is  usually  considered 

percent.  A  d-c  calibration  was  ob-  Operation  of  the  instrument  con-  adequate  for  most  journal  bearings, 
tained  by  applying  a  known  deflec-  sists  first  of  checking  the  chart  cali-  and  the  gauge  block  represents  the 
tion  to  the  tracer  point  and  measur-  bration,  either  by  applying  an  a-c  degree  (»f  finish  that  can  be  at- 


LAPPED  GAGE  BLOCK 


Fig.  5 — Typical  roughness  charts.  Vertical  scale  2  micro-inches  per  small  division; 
horizontal  scale  -500  micro-inches  per  small  division 
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Superheterodyne  Tracking 


Radio  Transmitter  Engineering  department 
General  Electric  Company,  Hvhenevtady 


IN  superheterodyne  receiver  engi-  the  r-f  circuit  than  if  C*  were  shorted 
neering,  the  oscillator  condenser  out  and  Ci  were  given  the  entire 
tracking  design  is  now  considered  tracking  responsibility. 

The  value  of  inductance  of  the 
oscillator  circuit  must  be  adjusted 
to  place  the  circuit  in  the  correct  fre¬ 
quency  region  (e.g.  1  to  1.5  Me  or 
10  to  15  Me,  etc.),  but  this  value  can 
easily  be  found  after  the  capaci¬ 
tances  are  known. 

The  inductance  need  not  clutter 
up  our  straightforward  reasoning. 


extreme  frequencies.  (Calculations 
show  that  the  arithmetic  mean  or 
other  approximate  center  frequen¬ 
cies  give  practically  no  error  from 
the  following.)  Thus, 


as  one  of  the  more  or  less  cut  and 
dried  problems.  However,  the  cal¬ 
culations  usually  involved  have  been 
a  nuisance  to  the  engineer  inasmuch 
as  one  value  of  capacitance  per  band 
or  less  is  all  he  needs  to  know,  and  to 
get  this  he  must  wade  through  one 
or  more  rather  long  formulas. 

The  writer  presents  here  the  re¬ 
sults  of  his  efforts  to  simplify  the  The  capacitances  and  frequencies  are 
general  solution  of  the  problem,  to-  need  to  obtain  an  equation 

gether  with  a  chart  laid  out  for  containing  C,,  Co,  Cr,  F ,,  and  F 2,  where 
rapid  design.  F^  and  Fj  are  respectively  the  low 

In  Fig.  1  we  have  r-f  and  oscil-  and  high  frequency  limits  of  the  r-f 
lator  circuits  whose  frequencies  are  band.  Furthermore,  a  direct  solution 
separated  by  the  intermediate  fre-  ^nr  any  one  of  these  five  quantities 
quency.  With  C.  the  same  value  of  need  not  be  made,  since  for  normal 
tracked  variable  capacity  in  both  cir-  ^iven  conditions  enough  values  are 
cuits  we  desire  to  choose  C2  and  C,  usually  known  to  produce  a  quick 
to  be  such  values  as  to  cause  the  oscil-  solution  from  the  following  equa- 
lator  frequency  to  more  nearly  track  tions,  or  from  the  chart. 

In  this  material  it  is  not  at¬ 
tempted  to  cover  the  case  where  C,. 

However, 


Combining  Eqs.  1  and  2  X  =  — — ; — ~ 
ti  -b  r  i 

In  the  oscillator  circuit  let: 

/i  =  lowest  oscillator  frequency  = 

Fi  + IF 

fm  =  oscillator  “midtrack’'  frequency  = 

-f  I  F 

=  highest  oscillator  frequency  = 

Cl  =  fixed  capacitance  includingT trimmer 
and  all  minimum  capacitance  in 
parallel  with  C, 

C-:  =  series  capacitance 

Then :  C,  (C,  +  C.) 


lies  between  C,  and  C, 
even  w’here  C*  is  in  the  same  order 
of  magnitude  as  C,  the  solutions 
given  are  sufficiently  accurate  for 
use  with  this  circuit  position  of  C,.. 

Other  special  cases,  such  as  that 
of  a  coil  of  high  distributed  capacity, 
are  not  covered  for  the  simple  rea¬ 
son  that  in  practically  all  cases  the 
results  fall  very  close  to  those  given. 

In  the  r-f  circuit  let: 

Fi  =  low'cst  r-f  frequency 
F2  =  highest  r-f  frequency 
(',  =  AC  of  variable  condenser 
C,  =  r-f  parallel  capacitance 
.V  =  multiplier  of  C,  necessarj' 

to  give  “  midtrack  ’’  point 

Then : 

F2»  C,  +  C,  C,  Fd  ,,, 


Oscillator  Circuit 


Putting  this  into  Eq.  3 
.  _ iA-XB) 


Fig.  1 — Radio-irequency  amplifier  end  os¬ 
cillator  circuits  in  which  are  the  trimmer 
and  padder  condensers  whose  relations 
are  outlined  in  this  short-cut  to  the  tracking 
problem 


Now  assume  r-f  midtrack  fre¬ 
quency,  F„,,  to  be  geometric  mean  of 
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SUPERHETERODYNE  TRACKING  CHART 


Fiq.  2 — Design  chart  ior  determining  series  and  shunt  capaci¬ 
ties  ior  tuned  circuits  in  single  control  superheterodyne  receivers 


Kquation  7  is  plotted  on  the  chart  as 
a  family  of  straight  lines,  and  C* 
is  called  series  capacity  or  padder. 
Hquation  8  is  plotted  on  the  chart 
as  a  single  curve,  and  C,  is  called 
jiarallel  capacity. 

Example  of  Design  from  Chart 

The  use  of  the  superheterodyne 
tracking  chart  may  be  made  more 
clear  by  means  of  an  example  involv¬ 
ing  a  numerical  result. 

Let  the  upper  and  lower  carrier 
frequencies  be  15  Me  and  10  Me  re¬ 
spectively,  and  let  the  intermediate 
frequency  be  3.0  Me.  Let  the  tuning 


condenser,  C„  have  a  capacitance  of 
50  /i/if  at  10  Me.  The  problem  is  to 
determine  C,  and  C,.,  the  shunt  and 
series  capacitance,  respectively,  and 
the  tuning  inductance,  L. 

The  tuning  ratio  is  the  ratio  of  the 
limits  of  the  r-f  spectrum,  or 
15/10  =  1.5.  The  ratio  of  the  inter¬ 
mediate  frequency  to  the  higher  car¬ 
rier  frequency  is  3/15  =  0.20.  Using 
the  first  of  these  values,  we  deter¬ 
mine  for  an  r-f  tuning  range  of  1.5 
that  the  value  of  (C./C,.')  =  0.85, 
from  the  smaller  graph.  At  10  Me. 
Cr  =  50  /i//f  and  therefore  C,  = 
42  i  /i/if. 


Using  the  larger  graph,  we  enter 
the  chart  at  the  bottom  correspond¬ 
ing  to  a  value  of  0.2  and  follow  ver¬ 
tically  until  we  reach  the  45  degree 
line  representing  an  r-f  tuning  range 
of  1.5.  Then,  projecting  to  the  left, 
we  find  (C«/C,)  =  0.7  and  hence  C*  = 
35  /tjiif  at  10  Me.  The  three  capaci¬ 
tances  are  thus  determined. 

The  condensers  C,  and  C,  in  paral¬ 
lel  are  equivalent  to  a  single  con¬ 
denser,  C,  of  92  i  jujuf.  The  .series  ca¬ 
pacitance,  Cj  in  series  with  C  gives  a 
resultant  capacitance  of  26.8  ^i/if,  so 
that  the  required  inductance  is  10.7 
microhenries. 


» .> 
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Impedance  Magnitude 
and  Phase  Shift  Curves 

For  Some  Common  Two-Terminal  Three-Element  Linear  Networks 


This  Reference  Sheet  contains 
STfaphs  showing  the  magnitude 
and  phase  shift  of  resonant  cir¬ 
cuit  impedances  composed  of  lumped 
L,  R,  and  C  constants  connected  in 
a  two-terminal  network.  The  curves 
represent  a  selection  from  a  wide 
range  of  two  terminal  networks  pre¬ 
pared  and  calculated  by  the  author* 
as  a  result  of  a  systematic  examina¬ 
tion  of  two-terminal  networks.  For 
the  circuit  networks  shown  in  the 
table  on  each  of  the  following  pages, 
the  curves  show’  the  magnitude  of 
the  impedance,  and  the  phase  shift 
for  various  values  of  the  parameter 
K,  which  is  defined  in  the  table. 
The  curves  are  plotted  as  normalized 
impedances,  so  that  the  true  imped¬ 
ance  in  ohms  may  be  determined 
from  the  graph  for  any  value  of  re¬ 
sistance  R.  The  curves  are  also 
generalized  to  apply  for  any  fre¬ 
quency  over  a  wide  range  in  the 
vicinity  of  the  natural  resonant  fre¬ 
quency  by  plotting  the  abscissa  in 
terms  of  ///.,  where  f  is  the  fre¬ 
quency  at  which  the  circuit  is  operat¬ 
ed,  and  /,  is  the  resonant  frequency 
of  the  circuit  defined  by  f.—  \/2. 
\/LC.  Because  of  the  general  man¬ 
ner  in  which  the  curves  are  plotted, 
the  graphs  are  applicable  to  six  types 
of  three-element  resonant  circuits 
istead  of  only  to  tw’o,  as  might  be 
expected. 

The  table  accompanying  each 
graph  shows  the  circuit  of  the  ap¬ 
propriate  network,  indicates  the  cor¬ 
rect  set  of  axes  to  be  used  in 

•  Taken  from  ‘•Impedance  (.'iirvcs  for  Two- 
Terminal  NetworkB."  a  thesis  sabmitted  in 
the  Graduate  School  of  the  liiinoi.s  Institute 
of  Technology  In  partial  fnllillnient  for  the 
requirements  of  degree  of  .Master  of  Science 
in  Electrical  Engineering. 


By  VITOLD  LEOPOLD  EDUTIS 

Naval  Rei^earch  Laboratory 

determining  the  impedance  magni¬ 
tude  and  phase  shift,  indicates  the 
value  of  the  parameter  K  for  the 
various  curves  of  any  family,  and 
designates  the  inverse  and  recipro¬ 
cal  network  of  the  selected  circuit. 
Two  networks  are  said  to  be  inverse 
if  their  magnitude  and  phase  angle 
characteristics  vary  with  frequency 
in  a  mutually  inverse  manner  and 
if  definite  ratios  exist  between  cor¬ 
responding  elements  in  the  two  net¬ 
works.  Two  netw’orks  are  said  to  be 
reciprocal  if  the  impedance  of  one 
is  conjugate  to  the  impedance  of 
the  other  when  the  frequency  of  one 
is  the  reciprocal  of  the  frequency  of 
the  other. 

The  graphs  may  be  used  to  deter¬ 
mine  the  magnitude  and  phase  of 
the  impedance  of  any  of  the  six 
selected  circuits,  or,  conversely,  for 
the  magnitude  and  phase  curves 
selected,  any  of  two  or  more  net¬ 
works  may  be  selected  to  provide  the 
desired  impedance  characteristic 
within  the  range  of  the  graphs. 

With  the  characteristic  curves  of 
magnitude  and  phase  shift  present¬ 
ed,  it  is  possible  to  find  the  impedance 
magnitude  and  phase  angle  of  a  net- 
w’ork  graphically.  This  eliminates 
many  long  and  tedious  calculations. 
Although  the  method  is  not  as  accu¬ 
rate  as  the  method  of  calculation,  it 
is  extremely  useful  because  in  most 
cases  the  accuracy  is  sufficient  for 
engineering  purposes.  The  imped¬ 
ance  magnitude  can  be  obtained  to 
within  approximately  one  percent  of 


the  exact  value.  The  phase  shift 
can  be  read  to  within  one  degree. 
The  graphs  are  drawn  to  apply  to 
values  of  R,  L,  and  C,  in  ohms, 
henries,  and  farads,  respectively, 
while  f  is  of  course  determined  in 
cycles  per  second. 

Two  examples  will  suffice  to  illus¬ 
trate  the  method  of  using  these 
graphs.  Suppose  we  have  a  series 
L,  R,  C  circuit  consisting  of  an  in¬ 
ductance  of  100  microhenries,  and  a 
capacitance  of  100  micromicrofarads 
so  that  the  resonant  frequency  is 
1.592  Me.  What  resistance  will  be 
required  if  the  circuit  impedance  is 
to  be  maintained  to  3  db  (ratio  of 
0.6)  below  its  resonant  impedance  at 
2.4  Me?  What  will  be  the  phase 
shift? 

From  the  data  above,  ZR  =  0.5 
and  ///,  =  1.5  from  which  we  find 
K  —  2.  From  these  data,  and  trans¬ 
posing  the  formula  for  K,  we  find  the 
value  of  the  required  resistance  to  be 


R 
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1  , —  1000 
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The  phase  angle  will  be  58  degrees. 

The  same  problem  may  be  applied 
to  a  circuit  consisting  of  a  capaci¬ 
tance  in  parallel  •with  an  inductance. 
(Circuit  8)  Assume,  for  simplicity, 
that  the  same  values  and  circuit  con¬ 
stants  are  employed.  What  value  of 
resistance  of  the  coil  is  required? 

For  f/fo  =  1.5  and  ZR  =  0.6,  we 
find  K  =  0.62,  from  which  R  =  1620 
ohms. 

The  phase  angle  is  —73  degree.^ 
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Radio  Frequency  Heating 
Speeds  Plywood  Bonding 

When  manufacturing  plywood,  indi¬ 
vidual  sheets  or  laminations  must  be 
held  together  under  pressure  until  the 
glue  or  plastic  constituting  the  bond 
“sets.”  Where  “cold”  presses  are  used 
and  nothing  is  done  to  hurry  the  proc¬ 
ess  setting  may  require  a  day  or  more. 
During  this  period  the  press  is  tied  up, 
limiting  plant  capacity.  Setting  is  some¬ 
times  accomplished  in  a  matter  of 
hours  by  using  “hot”  presses  that  ap¬ 
ply  live  steam  to  the  outer  surfaces  of 
the  metal  jaws  between  which  work  is 
held.  This  speed-up  scheme  does  not 
readily  lend  itself  to  the  economical 
production  of  plywood  more  than  about 
one-inch  thick.  (Heat  applied  to  the 
outer  surfaces  of  the  work  is  not 
rapidly  conducted  to  the  inner  lamin¬ 
ations.) 

By  utilizing  a  well-known  principle 
employed  in  modern  diathermy,  which 
uniformly  heats  “from  the  inside  out” 


that  part  of  a  patient’s  anatomy  in¬ 
cluded  between  the  electrodes  of  a  ca¬ 
pacitor  through  which  alternating  cur¬ 
rent  is  flowing  at  a  radio  frequency, 
plywood  up  to  9-inches  or  so  in  thick¬ 
ness  is  now  set  in  a  matter  of  minutes. 
As  in  a  diathermy  machine,  heat  is  gen¬ 
erated  within  the  body  or  dielectric  (in 
this  instance  moist  wood  sheets  and  the 
glue  or  plastic  bonding  material)  in¬ 
cluded  between  the  capacitor  electrodes 
by  distortion  or  disturbance  of  the 
dielectric’s  molecular  structure.  Radio 
frequency  power,  in  other  words,  is 
converted  into  heat  within  the  plywood 
itself  and,  while  with  a  given  quantity 
of  power  the  length  of  time  required 
for  setting  is  roughly  proportional  to 
the  thickness  and  character  of  the 
stacked  sheets  of  wood  and  the  bonding 
material  between  them,  heating  is  rela¬ 
tively  uniform  throughout  panels  so 
processed. 

Two  plywood  presses  in  a  western 
plant  operated  by  the  Albany  Plylock 
Division  of  the  M  &  M  Wood  Working 
Company  utilize  the  radio  frequency 


Hlgh-vacuum  tubes  and  associated  mer¬ 
cury-arc  rectifiers  comprising  part  oi  the 
equipment  in  the  plywood  manufacturing 
plant's  balcony.  The  equipment  turns  out 
400  kw  oi  r-i  at  approximately  2000  kc 


heating  principle  described.  Designed 
by  M  &  M’s  chief  engineer  Michael 
Pasquier  and  Paul  D.  Zottu  of  the  Gird- 
ler  Corporation  of  Louisville,  Ky.,  these 
press  employs  a  “twin”  or  two-section 
8  ft.  and  4  by  10  ft.  in  area.  Each 
press  employs  “twin”  or  two-section 
capacitor  having  a  common  center  elec¬ 
trode  and  two  outside  electrodes,  per¬ 
mitting  tw’o  thick  plywood  panels  or  a 
number  of  panels  of  equivalent  thick¬ 
ness  to  be  processed  at  the  same  time. 
Up  to  9-inches  of  plywood  thickness 
may  be  accommodated  between  the  bot¬ 
tom  and  center  electrode  of  each  press 
and  a  similar  thickness  may  be  simul¬ 
taneously  processed  between  the  center 
electrode  and  the  top  electrode.  Thus 
a  total  of  18-inches  of  plywood  thick¬ 
ness  (40  panels  of  average  thickness 
turned  out  by  the  plant)  may  be  simul¬ 
taneously  set  in  each  press. 

Radio  frequency  power  for  both 
presses  is  delivered  by  a  high-vacuum 
tube  generator  turning  out  a  maximum 
of  400  kw.  on  approximately  2000  kc. 
Direct  current  required  by  the  anode 
circuits  of  the  tubes  (15,000  v)  is  ob¬ 
tained  from  a  bank  of  mercury-arc 
rectifiers  to  which  a-c  is  delivered  by 
the  secondary  of  a  step-up  transformer. 
A  rotating-machine  driven  by  the  mill’s 
steam  plant  delivers  4,400  v  of  60  cps 
power  to  the  primary  of  the  trans¬ 
former.  Balancing  of  r-f  power  fed  to 
the  two  presses  (where  plywood  stacks 
of  diflPerent  thickness  and  composition 
present  different  load  conditions)  is 
automatically  a.ssured  by  auxiliary  elec¬ 
tronic  controls  so  that  both  presses  may 
be  used  simultaneously. 

Depending  upon  the  amount  of  heat 
required  for  setting  various  kinds  of 
bonding  material  and  the  amount  of 
heat  which  stacks  will  stand  without 
burning  of  wood  or  boiling  of  glue  or 
plastic,  the  temperature  of  work  in 
process  in  each  press  may  be  manually 
adjusted  between  160  and  300  deg.  F. 
Temperatures  most  frequently  used  are 
between  160  and  180  deg. 


One  oi  two  presses  utilizing  radio  frequency  power  to  speed  up  plywood 
bonding  in  Albany  Plylock's  western  plant.  Radio  frequency  generators  and 
associated  equipment  are  located  in  the  balcony  immediately  above  the 
press.  The  control  panel  just  barely  visible  behind  and  to  the  right  oi  the 
press  permits  both  presses  to  be  operated  at  maximum  efficiency  from  a 

central  point 
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of  fho  Army”  now. 


Men  aro  needed  now  to  mon  America's  electronic 
weapons. 

This  is  a  war  of  communicotions.  HThe  message 
must  get  through  T'  Radio  communication  equipment 
and  electronic  devices  known  only  to  the  men  of  the 
U.  S.  Signal  Corps  are  fighting  the  war  on  world  fronts. 
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This  is  a  General  Electric  electronic  radio  tube. 
General  Electric  is  building  thousands  and 
thousands  of  electronic  tubes,  of  many  sixes 
and  styles,  for  use  in  Uncle  Sam's  radio  com¬ 
munication  equipment  and  electronic  weapons. 


lere  is  an  outstanding  opportunity  for  radio  and 
communications  men  to  do  their  port,  and  at  the 
same  time  get  the  finest  possible  training  in  one  of 
the  brightest  ofter-the-war  industries. 

The  electronics  field  is  still  in  its  infancy.  Ten  years 
ago  there  were  comporatively  few  electronic  devices. 
Today  there  ore  more  than  a  thousand  kinds  of  elec¬ 
tronic  devices  at  work  in  factory,  hospital, 'office,  cot¬ 
ton  mill,  steel  mill,  the  home  and  on  the  fighting  front! 

General  Electric  is  a  leader  in  electronic  research. 
We  are  definitely  interested  in  having  available, 
when  victory  comes,  trained  men  for  the  sales  and 


service  of  future  electronic  devices.  This  is  o  highly 
specialized  field,  and  good  men  will  be  in  demand. 

if  you  are  now  an  expert  in  radio,  or  are  ambitious 
and  willing  to  learn  at  good  pay.  General  Electric 
urges  you  to  consider  the  Signal  Corps  now.  The  Signal 
Corps  is  also  sponsoring  courses  in  the  fundamental 
theories  of  radio  and  electronics  in  many  colleges 
and  universities. . . .  Get  in  on  the  ground  floor  today! 


For  fwrthor  infortnotioo  roQording  •niittmoitt,  coll  at  Hta  woorott  Anoy  RocrwiHog 
and  Induction  Station.  Or  writ*  to  “Tha  Commanding  Gonorol"  of  th#  Saruicn 
Command  noarott  you.  For  Civilian  Training  information,  call  at  any  offiea  of 
Mk#  U.  S.  Ovil  Sorvica  or  U.  S.  Cmploymnnt  Swroow. 
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Circuit  of  outomotic  control  for  grinding 
machine  food  motors 
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load  on  the  grinder  motor  exceeds  an 
amount  for  which  a  front-of-panel  con¬ 
trol  is  set  while  a  green  pilot  will 
light,  notifying  the  operator  that  the 
grinder  motor  is  being  under-worked, 
when  the  load  on  the  grinder  motor 
goes  below  an  amount  for  which  in¬ 
ternal  control  is  adjusted.  Restora¬ 
tion  of  normal  grinder  load  after  the 
control  unit  cuts  off  the  feed  motor  (on 
overload)  automatically  re-starts  the 
feed  motor  without  any  switching  by 
the  operator.  The  unit  may  be  adjusted 
to  cut  off  the  feed  motor  for  grinder 
loads  anywhere  between  50  percent  and 
125  percent  of  full  grinder  motor  ca¬ 
pacity.  The  underload  indicator  is  or¬ 
dinarily  adjusted  by  the  installation 
man  to  function  when  the  grinder 
motor  load  drops  about  25  percent  be¬ 
low  the  operating  point  selected  as 
normal. 

The  primary  of  a  transformer  is 
connected  in  series  with  one  of  the 
grinder  motor  power  supply  leads.  An 
a-c  voltage  proportional  to  the  load 
current  of  the  grinder  motor  appears 
acro.ss  the  secondary  of  the  transformer 
and  is  applied  to  the  grids  of  control 


With  radio  playing  an  increasingly  important  part  in  the  war,  increased  efforts 
are  being  made  to  teach  radio  transmission  methods.  This  group  of  army  men 
are  busily  engaged  in  mastering  the  rudiments  of  electrical  communication  at 
a  government  school  in  Toronto,  Canada 


Automatic  Control  for 
Grinding  Machine  Feed  Motors 

When  grinding  or  pulverizing  indus¬ 
trial  materials  the  load  upon  the  elec¬ 
tric  motor  operating  the  grinder  or  pul¬ 
verizer  frequently  depends  upon  vari¬ 
able  factors  beyond  the  control  of  the 
operator.  For  example,  the  grindabil- 
ity  of  material  may  vary  widely  with 
humidity  changes.  Mechanical  and  elec¬ 
trical  arrangements  for  automatically 
controlling  feed,  decreasing  the  inflow 
of  material  to  the  grinder  when  the 
motor  is  overloaded,  are  commonly 
known  but  recent  application  of  elec¬ 
tronic  technique  to  this  problem  con¬ 
siderably  simplifies  the  apparatus  re¬ 
quired  and  increases  its  versatility. 

The  accompanying  diagram  shows 
the  schematic  of  an  automatic  control 
manufactured  by  Max  Mosher  of  New 
York.  This  control  unit  is  so  arranged 
that,  when  connected  as  shown,  the 
feed  motor  will  be  stopped  when  the 

g Magnetic  contactor 

n  nov 

■Feeder  motor 
,.Grlnder  motor 
, -Transformer 


Front  ponol  of  the  automatic  feed  control 

tubes  Tj,  Tj  and  T ..  A  d-c  bias  voltage 
is  also  applied  to  the  tube  grids  by  the 
power  pack  which  incorporates  a  type 
1-V  halfwave  rectifier  tube  and  a 
VR-105-30  voltage  regulator.  Anode 
current,  supplied  by  the  same  d-c 
power  pack,  flows  or  ceases  to  flow 
through  the  control  tubes  and  their  as¬ 
sociated  relay  coils  when  the  balance 
between  a-c  input  voltage  obtained 
from  the  external  source  and  d-c  grid 
voltage  applied  from  the  power  pack 
is  distui’bed. 

In  operation,  the  white  pilot  lamp 
indicating  that  the  control  unit  is 
properly  energized  from  the  a-c  line 
lights  when  the  switch  S„,  is  closed. 
With  the  grinder  motor  operating  and 
drawing  any  reasonable  amount  of  cur¬ 
rent,  relay  REL^  in  the  anode  circuit 
of  Tj  closes  and  stays  closed  as  long 


as  the  grinder  motor  continues  to 
operate,  opening  the  magnetic  contac¬ 
tor  in  the  supply  line  to  the  feed  motor 
only  in  the  event  that  the  grinder 
motor  stops  entirely  and  ‘  so  con¬ 
stituting  an  interlock  safety  device. 
When  grinder  motor  load  current 
increases  beyond  the  point  for  which 
the  panel  control  is  balanced  the 
unit  performs  its  primary  function. 
Relay  REL^  in  the  anode  circuit  of  T, 
pulls  up  and  opens  the  magpietic  con¬ 
tactor  circuit  to  shut  off  the  feed  motor, 
simultaneously  energizing  a  red  warn¬ 
ing  lamp. 

The  under-load  indicator,  consisting 
of  component  parts  R^,  T„  REL^  and 
the  green  pilot  lamp,  operates  in  a 
similar  manner.  In  this  instance,  how¬ 
ever,  it  is  a  decline  in  external  a-c  vol¬ 
tage  which  must  actuate  a  pilot  (feed 
motor  operation  continues  undisturbed 
on  underload  conditions)  so  relay  REL^ 
connections  are  revei’sed  and  the  green 
pilot  lights  when  T,  anode  current  de¬ 
clines  below  the  critical  adjustment 
point. 


Conserving  Station  Eqiiipinent 

By  Alvin  H.  Smith 

Chief  Engineer,  Radio  Station  KSCJ 

In  addition  to  his  worries  over  the 
tires  on  the  family  car  and  other  de¬ 
fense  measures  affecting  all  civilians, 
the  broadcast  engineer  is  confronted 
with  the  problem  of  keeping  station 
equipment  operating  at  the  highest 
possible  efficiency  so  that  the  public 
will  be  adequately  served  during  these 
critical  times.  In  so  doing,  he  is  faced 
with  a  shortage  of  essential  items  of 
equipment  for  maintenance.  He  must. 
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Making  every  small  part  do  its  duty,  its  maximum,  for  in 
the  big  job  it  has  a  major  part.  Our  contribution — sockets, 
terminal  strips,  lugs,  connectors — are  essential  in  the  perfec¬ 
tion  of  the  transmitted  message  ...  A  good 
reception  in  any  set!  naSia 
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therefore,  obtain  maximum  life  from 
every  part  that  goes  to  make  up  the 
station. 

Here  is  what  we,  the  technical  staff 
of  a  typical  midwest  5000  watt  station 
are  doing: 

(1)  We  are  operating  our  high  vol¬ 
tage  mercury  vapor  rectifier  tubes 
with  as  low  an  a-c  plate  voltage  as  is 
practical,  in  order  to  extend  their  use¬ 
ful  life.  Mercury  vapor  rectifier  tubes 
in  which  “arc  backs”  occur  at  normal 
operating  voltages  in  many  cases  oper¬ 
ate  satisfactorily  when  the  a-c  voltage 
is  reduced  as  little  as  5  percent.  Plate 
current  is  increased  slightly  to  main¬ 
tain  required  power  output. 

(2)  In  checking  the  exciter  stages 
of  our  main  transmitter  we  found  that 
it  was  possible  to  appreciably  reduce 
the  excitation  to  a  particular  buffer 
and  still  obtain  satisfactory  operation. 
The  life  of  the  preceding  buffer  ampli¬ 
fier  tube  has  been  increased  an  esti¬ 
mated  50  percent  by  reducing  its  load. 

(3)  We  limit  all  test  programs  to  a 
bare  minimum  of  time,  to  prolong  tube 
life  as  far  as  regular  operating  hours 
are  concerned. 

(4)  We  ascertain  that  all  equipment 
is  receiving  sufficient  ventilation,  to 
prolong  the  life  of  many  parts  and 
accessories. 

(5)  We  store  remote  amplifying 
equipment  not  in  immediate  use  at 
various  locations  throughout  the  or¬ 
ganization  to  keep  losses  at  a  minimum 
in  case  of  fire. 

(6)  KSCJ  uses  a  four  element  di¬ 
rectional  antenna  system,  two  towers 
and  their  coupling  equipment  being  al¬ 
most  identical.  One  of  these  two  towers 
is  operated  as  a  non-directional  antenna 
during  daylight  hours.  We  have  de- 
vi.sed  a  procedure  by  which  the  second 
identical  tower  may  be  quickly  placed 
in  non-directional  service  in  the  event 
of  a  failure  of  the  regular  non-direc¬ 
tional  tower. 


IT  was  axiomatic  that  tube  operating  efficiency  decreased  as  size  was  increased 
—  until  Eitel-McCuliough  revolutionized  tube  design  by  mounting  four  triodes 
within  a  single  envelope. 

Today  the  Eimac  304T  tube,  pictured  above,  is  seeing  service  in  the  key  sockets 
of  the  world's  most  important  transmitters  including  new  FM  installations.  Although 
essentially  a  low  voltage  tube  the  304T  is  often  used  with  as  much  as  20,000  volts 
on  the  plates,  10  times  the  rated  voltage.  Contributing  to  this  stamina  are  grid  and 
plate  leads  fashioned  from  Callite  tungsten  rods  and  Callite  thoriated  filament  — 
eloquent  evidence  of  Callite  dependability. 

There  is  a  large  group  of  Callite  Tungsten  products,  each  designed  to  do  a 
particular  job  better.  Callite  research  and  resourcefulness  have  contributed  to 
countless  technical  and  scientific  developments.  If  you  have  a  special  problem, 
why  not  consult  Callite's  engineering  department  today? 

Specialists  in  the  manufacture  of  electrical  contacts  of  refractory  and  precious  metals,  bi-mei 
lead-in  wires,  filaments  and  grids — formed  parts  and  raw  materials  for  all  electronic  applicatit 
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Scheme  permitting  rapid  enbelitutlon  of  a 
monitor  conplilier  ter  a  program  ompMlier 
in  the  event  die  latter  falls 


(7)  There  are  many  stations  (par- 
ticularily  locals  and  some  reg^ionals) 
using  speech  input  studio  consoles  that 
have  no  provision  for  transferring  to  a 
spare  program  amplifier  in  the  event  of 
a  program  amplifier  failure.  They  are 
just  off  the  air  until  a  repair  can  be 
made.  This  point  becomes  more  and 
more  important  as  more  and  more  tech¬ 
nical  men  join  the  colors.  We  utilize  the 
monitoring  amplifier  as  a  spare  pro¬ 
gram  amplifier,  as  shown  in  the  ac¬ 
companying  diagram. 

The  gain  of  the  program  and  moni¬ 
toring  amplifiers  is  equalized  by  means 
of  the  500  ohm  pad  indicated  in  the  dia¬ 
gram.  The  monitoring  speakers  are 
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{Above)  No  one  who  hasn’t  been  here  to  see  it  happen  would  rec¬ 
ognize  the  great,  humming  plant  that  is  Isolantite,  Inc.  today.  Here 
at  Isolantite  the  change  has  been  extraordinary  —  even  for  these 
times.  For  the  products  of  Isolantite  help  to  keep  vital  war  commu¬ 
nication  lines  operating  efficiently. 


(Above)  Isolantite  has  increased  production  of  precision  ceramic 
parts  to  ten  times  the  level  of  two  years  ago.  There  is  no  pause  in 
Isolantite’s  research  for  new  and  improved  manufacturing  methods, 
tui:iierous  and  revolutionarv  as  these  have  been. 


(Right)  Isolantite  has  not  only  met  the  most  rigid  Government 
specifications,  but  found  ways  to  improve  the  quality  of  its  products 
and  service.  Still  newer  bodies  in  process  of  development  will  in¬ 
crease  the  efficiency  and  reliability  of  communications  equipment 
for  wartime  service,  and  promise  finer  performance  in  radio  once 
the  war  is  over. 


(Below)  In  some  fields  of  Isolantite  activity,  notably  small  pressed 
parts,  there  is  output  capacity  to  spare.  When  parts  of  this  type  are 
needed  for  war  applications,  Isolantite  can  make  delivery  with  un¬ 
usual  promptness. 


CERAMIC  INSULATORS 
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JEFFJRSON 

TLEcHTr 


left  connected  as  shown.  In  our  cast 
this  scheme  worked  out  remarkab!.. 
well.  Distortion  and  frequency  re 
sponse  characteristics  are  nearly  a 
grood  w’ith  the  monitor  amplifier  a 
with  the  program  amplifier. 


Electronic  Robot 
Measures  Creep  of  Metals 

An  electronic  robot  now  measure- 
the  rate  at  which  metals  flow  when 
heated  and  stressed  in  the  General 
Electric  research  laboratory.  Not  onlj 
does  this  release  for  other  important 
work  the  attention  of  metallurgists  whe 
formerly  watched  the  metal  sample 
through  a  microscope;  it  also  is  more 
sensitive  than  the  eye  of  any  human 
observer  and  more  reliable. 

The  usual  tests  employ  a  bar  of 
sample  metal,  which  is  heated  in  a  fur¬ 
nace  to  the  range  of  operating  temper¬ 
atures  between  800-1400  F.  The 
method  under  discussion  here  uses  a 
thin  wire  of  the  metal  and  passes  an 
electric  current  through  it  to  heat  it  to 
perhaps  2000  F.  The  wire  is  enclosed 
in  a  glass  cylinder,  which  protects  it 
from  air  currents  and  even  permits 
the  tests  to  be  made  in  an  atmosphere 
of  nitrogen,  thus  preventing  rusting 
caused  by  contact  with  oxygen.  A 
weight  is  attached  to  the  wire.  The 
wire  slowly  stretches,  as  much  as  a  half 
percent  an  hour. 

A  light  shines  through  a  lens  and 
then  through  a  rigidly  positioned 


UNIFORM  ACCURACY  VITAL 

IN  TRANSFORMERS,  TOO 


Accuracy  is  more  than  a  matter  cf  design  and  construction — 
transformer  accuracy  and  dependability  of  performance  can 
only  be  assured  when  experience,  specialized  design  engi¬ 
neering,  modern  manufacturing  facilities,  trained  and  skilled 
employees  are  combined  in  one  organization. 

From  the  earliest  days  of  radio  and  communication  systems, 
Jefferson  Electric  has  specialized  on  transformers — working  in 
the  field,  anticipating  the  requirements  and  new  developments. 
Jefferson  complete  testing,  experimental  and  engineering  re¬ 
search  laboratories  leave  nothing  to  chance.  Modern  manu¬ 
facturing  facilities  with  250,000  square  feet  of  space,  and 
skilled  craftsmen  insure  the  uniform  accuracy  and  dependa¬ 
bility  of  performance  that  users  associate  with  Jefferson 
Electric  Transformers. 

Jefferson  Electric  Line  Includes  Transformers  for: 

Radio  Receivers,  Televisors,  Amplifiers; — Communication  Sys¬ 
tems;  Power  Circuits;  Luminous  Tube  and  Cold  Cathode  Light¬ 
ing;  Mercury  and  Fluorescent  Lamps;  Ignition;  Signal  Systems; 
Control  Circuits. 

The  specialized  experience  of  Jefferson  Electric  engineers 
can  be  put  to  work  for  you — to  save  your  time  and  insure  the 
correct  selection  of  the  transformers  you  need.  JEFFERSON 
ELECTRIC  COMPANY,  fiellwood  (Suburb  of  Chicago),  Illinois. 
Canadian  Factory:  60-64  Osier  Ave.,  W.  Toronto,  Ont. 


OS's  Dr.  Saul  Dushmon  adiuste  a  wire 
sample  while  I.  T.  Mlreles  Malpica.  who 
substituted  a  phototube  ior  an  eye  at  a 
microscope  as  a  means  of  measuring 
"creep"  rate,  looks  on 


glass  “grid",  which  is  ruled  with  opaque 
horizontal  lines  each  1 /250th  inch  wide 
and  the  same  distance  apart,  onto  the 
light-sensitive  surface  of  a  phototube. 
Attached  to  the  bottom  of  the  test  wire 
is  another  identical  grid,  nearly  in 
contact  with  the  first.  When  the  test 
starts  the  lines  of  the  second  grid  are 
adjusted  so  that  they  fill  in  the  spaces 
between  the  lines  on  the  first  grid  and 
the  two-piece  “shutter”  so  formed  vir¬ 
tually  cuts  off  all  light  to  the  photo¬ 
tube.  As  the  test  wire  .stretches  more 
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I HC  tho  flag  of  th*‘ 

4rmv-\«i  V  l*rodtiction  Atatrti 
fttr 


I  (RlC 


RSillSVORSI 


WHY? . .  .  liesults  of  a  iiation-Avitle  siirvov 
foinlucteil  by  a  wholly  independent  researeli 
orjianization  disclosed  that  F'.xecntives  and  Enwi- 
neers  in  the  electrcHiie  industries  orenvhelmin^lv 
pn’Jrr  IKC  resistors.  In  voting  them  “superior** 
hy  a  plurality  of  more  than  two  to  one,  these 
specific  rea*ions  were  cited  — 

BEC'AliSK  .  .  .  IRC  o/fers  "best 
product"  and  *^tuost  complete  line." 


INTERNATIONAL  RESISTANCE  COMPANY 
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light  (or  less  if  the  shutter  is  started 
in  the  “open”  position)  reaches  the 
phototube  and  the  difference  in  photo 
tube  output  is  graphically  inked  in  or 
a  moving  paper  scale  by  an  electronic 
recorder. 

By  means  of  the  measurement  method 
described  it  is  readily  possible  to  record 
an  extension  of  wire  length  as  small 
as  1/10,000  inch. 


CONNECTIONS 
MUST  BE  GOOD 


Hydrogen,  But  Not  Freon 

On  page  100  of  the  .\ugust  issue  a  de¬ 
vice  employing  a  special  tube  to  deter¬ 
mine  the  moisture  content  of  hydrogen 
gas  by  a  direct  electronic  method  was 
described.  An  inquiry  from  a  mechan¬ 
ical  refrigerator  manufacturer  asks 
whether  the  test  method  is  applicable 
to  Freon  12. 

From  A.  Allan  Bates,  manager  of 
the  Westinghouse  Chemical  &  Metal¬ 
lurgical  Department  (this  firm  made 
the  special  tube),  comes  the  following 
advice:  “We  cannot  be  encouraging 
concerning  the  use  of  the  described 
device  to  determine  the  moisture  con¬ 
tent  of  Freon  12.  I  am  quite  sure  that 
the  tube  we  used  in  the  hydrogen  mois¬ 
ture  meter  would  not  stand  up  very 
long  in  the  presence  of  Freon  12.  The 
filament  of  the  tube  operates  at  a  tem¬ 
perature  so  high  that  dissociation  of 
the  Freon  would  occur  and  the  result¬ 
ing  free  chlorine  and  fluorine  would 
quickly  bring  about  disintegration  of 
the  tube  elements. 

“Whether  an  acid  resistant  element 
could  be  devised  for  operation  at  lower 
temperatures  is  a  question  that  we  are 
not  prepared  to  answer  at  this  time 
and  which,  unfortunately,  cannot  be 
followed  up  because  of  pressure  of 
war  work.” 


CANNON 

PLUGS 

ARf  USED 


The  sturdy  construction  and  many  ex¬ 
clusive  features  of  the  Cannon  Type  P 
Cable  Connectors  and  Panel  Mounting 
Units  make  them  ideal  for  a  wide  vari¬ 
ety  of  uses  in  the  radio  field. 

The  design  of  pin  and  socket  con¬ 
tacts  assures  a  perfect  connection  under 
severe  operating  conditions.  A  thumb  latch  securely  locks  the  fittings 
together,  yet  permits  a  quick,  easy  disconnect.  Three  types  of  cable  entries 
are  provided  in  the  straight  and  90°  connectors.  Six  ditiferent  contact  ar¬ 
rangements  are  available  in  each  of  the  thirty-eight  different  fittings  com¬ 
prising  the  Type  P  Line. 

CANNON  SERVES  MANY  INDUSTRIES 

Radio  engineers  make  use  of  many  types  of  Cannon  Connectors  in  addition 
to  the  Type  R  The  variety  of  Cannon  precision-built  Connectors  runs  into 
the  thousands  and  includes  specialized  equipment  for  aircraft,  television, 
radio,  motion  pictures,  ships,  railroad  rolling  stock  and  many  other  fields 
where  electrical  connections  must  be  made  quickly  and  securely. 


The  coupled  firtings  shown  here  are  Type 
P,  having  three  contacts.  "The  receptacle 
barrel  containing  the  Bakelite  insert  on 
all  Type  P  Connectors  is  1"  in  diameter 
regardless  of  the  number  of  contacts. 


I)ir<*<*l-Rea(ling  Iiiipedaiicp 
(Comparator 

Writing  in  the  A.W.A.  Technical  Rr- 
ineiv,  Vol.  5,  No.  6,  1941,  F.  M.  Leyden 
and  W.  R.  Baker  describe  a  direct-read¬ 
ing  radio-frequency  bridge  suitable  for 
rapid  production  testing  of  inductance.^. 
The  percentage  deviation  in  inductance 
from  a  pre-set  reference  standard  is 
read  instantly  on  a  calibrated  scale  on 
which  tolerance  limits  may  be  marked. 
The  bridge  is  said  to  be  particularly 
effective  in  testing  each  section  of 
tapped  coils  such  as  those  used  in 
multi-band  receivers. 

The  main  outlines  of  the  circuit  aic 
shown  schematically  in  Fig.  1.  A  volt 
age  of  rms  value  E,  transformer- 
coupled  from  the  oscillator,  is  im 
pressed  across  the  unknown  inductance 
Lj.  and  the  standard  inductance  L,  con¬ 
nected  in  series.  If  we  assume  L,  =  L.. 
then  an  a-c  voltage  E/2  will  be  applied 
to  each  diode,  the  resulting  positive  d-c 
voltage  of  approximately  E\'2/2  or 


CANNON  ELECTRIC 


Cannon  Electric  Development  Company,  Los  Angeles,  Calif. 


Canadian  Factory  and  Engineering  Office;  Cannon  Electric  Company,  Limited,  Toronto,  Canada 


ISovember  J 942  —  ELECTRONICS 


9 


Plate  Transformers 


"Made-to-Order" 
OR  STOCK  TYPES 
FOR  ESSENTIAL 
REQUIREMENTS 


A  TRULY  fine  Plate  Transformer  that  meets 
stringent  wartime  requirements.  .  .  .  Appli¬ 
cable  to  a  broad  field  including  governmental 
agencies,  broadcast  engineers  and  many  other 
electronic  equipment  designers  and  users. 

These  rugged  Plate  Transformers  represent 
long  months  of  skillful  planning  in  w'hich  the 
exacting  needs  of  potential  users  were  carefully 
considered  and  analyzed.  It  was  STANCOR’S 
desire  to  make  these  transformers  the  finest  ob¬ 
tainable.  .  .  .  This  was  achieved! 

Many  are  now  serving  our  country  in  locations 
where  failure  might  prove  disastrous.  .  .  .  They 
are  proved  units. 


Here  is  a  typicil  application  of  Slancor’s  Plate 
und  other  Professional  Series  Transformers  Note 
the  excellent  harmony  achieved  between  these 
transformers  and  allied  components. 


The  new  S'ancor  Professionol  Seriei 
Troniforiner  Catalog  Na.  240  — 
iu»t  out — list!  not  only  the  new 
Plote  Trontformert  but  includes 
Tiny-Trons,  High  Fidelity  Units  and 
a  complete  line  of  Professional 
Series  Transformers.  It  also  gives 
valuable  ch..rts  to  identify  thecor- 
rect  unit  to  be  used  in  various  ap¬ 
plications.  Wr  ite  for  your  copy-freel 


•  N«w  tlyl*  •nd  bells  *  Dual  wound  primaries 

d  New  extra  heavy  d  Balanced  coil 

insulators  construction 

d  New  lamination  sixes  d  Potted  For  long  life 

d  Rugged  mounting  feet  d  Wide  range  of  sixes 


STANDARD  TRANSFORMER 
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Ward  (an  help  you  with 
your  antenna  problem 


WARD  PRODUCTS 

CORPORATION 


FIG.  1 — Simpliiied  circuit  diaqram  of  impodonce  tooting  bridge 

E/  V  2  volts  being  applied  to  the  grids 
of  each  of  the  similar  tubes,  V,  and 
A  negative  bucking  voltage  is  supplied 
by  the  common  cathode  resistor  in 
such  way  as  to  keep  Vj  and  V,  operat¬ 
ing  with  any  desired  negative  grid  po^ 
tential.  The  plate  load  resistances  of 
each  tube  are  made  equal  and  high  com¬ 
pared  with  the  output  resistance  of  the 
high  voltage  supply. 

Now,  if  L,  =  L„  the  grids  of  Vi  and 
Fj  will  be  at 'the  same  potential  and 
the  current  passing  through  the  meter 
will  be  zero.  If,  however,  L,  differs  by 
one  percent  from  the  difference  be¬ 
tween  the  rectified  positive  voltages 
applied  to  the  grids  of  V,  and  V,  will 
be  one  per  cent  of  E/  V  2,  that  is  to  say, 
the  rectified  voltage  applied  to  one  grid 
will  be  1^05  J5/V2  and  to  the  other 
0.995  S/V2  and  the  current  through 
the  meter  will  change  from  zero.  This 
current  will  be  the  same  as  if  we  re¬ 
gard  one  grid  as  remaining  at  a  con¬ 
stant  potential  with  a  rectified  voltage 
of  £’/V2,  and  the  other  (say  V,)  hav¬ 
ing  its  positive  rectified  voltage  in¬ 
creased  to  1.01  E/V2.  Hence  we  may 
regard  a  one  percent  change  in  induc¬ 
tance  of  L,  as  increasing  or  decreas¬ 
ing  the  rectified  d-c  potential  applied 
to  y,  by  one  per  cent,  the  bias  of  the 
tube  y,  remaining  constant. 


two  plate  load  resistances  has  a  rela¬ 
tively  low  resistance  path  to  ground, 
since  the  internal  resistance  of  the 
stabilizing  tube  used  is  less  than  100 
ohms.  For  any  position  of  F,  incre¬ 
ment  Be  of  the  grid  voltage  of  F,  is 
given  by  EF/EH  times  the  voltage  of 
K,  where  EF  and  EH  are  in  ohms. 
Readings  may  be  plotted  against  Se  for 
different  tube  t3rpee,  provided  the  same 
type  of  tube  is  always  used  in  the  F, 
and  y,  positions.  Triode  connection  of 
each  tube  type  was  used,  the  current 
and  voltage  conditions  being  those  rec¬ 
ommended  for  general  service.  The 
straight  line  obtained  for  each  type 
plotted  passed  through  the  origin  and 
had  a  slope  equal  to  half  the  measured 
mutual  conductance  under  the  same 
conditions  of  anode  and  grid  voltage. 


TELESCOPING 


Production  Version  and  Calibration 

In  the  design  of  a  production  testing 
instrument  incorporating  the  principles 
set  out,  the  desirability  of  a  number  of 
improvements  became  apparent.  In 
order  to  protect  the  meter  from  ex¬ 
cessive  reverse  current  when  the  test 
coil  L,  is  removed,  a  diode  tube  was 
suitably  connected  in  series  with  the 
meter,  thus  providing  an  open  circuit 
in  the  reverse  current  direction  and  so 
causing  the  meter  pointed  to  fall  to 
zero  on  removal  of  the  test  coil.  The  ad¬ 
vantages  so  gained  in  simplicity  of 
operation  more  than  offset  the  resultant 
lack  of  linearity  of  the  meter  scale  for 
low  current  values  (below  10  /ta)  and 
the  reduction  in  sensitivity  by  about  30 
percent. 

Although  the  meter  current  stability 
in  this  system  is  quite  good  it  may  be 
further  improved  by  the  use  of  inverse 
feedback.  This  may  be  done  by  pro¬ 
viding  separate  cathode  bias  resistors 
for  the  tubes  F,  and  F,,  a  part  of  the 
output  voltage  then  appearing,  in  the 
reversed  direction,  in  series  with  the 
input.  This  arrangement  will  also  re¬ 
duce  the  meter  sensitivity.  Using  a 
pair  of  6J7G  tubes  for  F,  and  F,  gave 
best  performance.  Using  both  reversed 
feedback.  This  may  be  done  by  pro- 
cuit,  it  was  found  that  with  E  =  5 
volts  and  a  steady  bias  of  5  volts  per 
tube,  a  deflection  of  20  microamps  was 
obtained  for  a  one  percent  change 
of 

When  L.  and  L,  are  equal  and  the 
anode  currents  of  F,  and  F,  are  bal- 
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ARMED  FORCES 


Experimental  Verification  of  Theory 

It  will  have  been  observed  that  the 
section  containing  the  tubes  F,  and 
F,  and  the  meter  is  essentially  a  d-c 
Wheatstone  bridge.  Consequently  this 
circuit  will  be  amenable  to  d-c  methods 
in  experimentally  establishing  the  re¬ 
lation  between  the  meter  current  and 
the  differential  of  the  grid  voltage.  The 
arrangement  adopted  for  this  purpose 
is  schematically  outlined  in  Fig.  2. 
The  incremental  bias  changes  are  sup¬ 
plied  by  the  battery  K,  and  calibrated 
resistance  box  indicated  by  HFE.  The 
battery  L  supplies  the  ordinary  bias 
to  Fi,  and  the  battery  N  and  variable 
resistance  supply  a  nearly  equal 
value  of  bias  to  Fj,  so  that  when  F  is 
connected  to  E,  the  meter  reads  zero. 
Thus  inevitable  small  variations  be¬ 
tween  the  similar  tubes  are  balanced  out. 

High  voltage  of  sufficient  stability  is 
provided  by  including  in  the  power 
supply  a  stabilizing  tube  and  its  asso¬ 
ciated  resistance.  The  junction  of  the 
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HERR  BRAUN  HAD  A  BROTHER  IN  COLOGNE 


When  the  Nazis  ordered  Herr  Braun  to  report  for  farm  work 
in  the  south  of  Germany,  he  made  an  arrangement  with  his 
brother,  who  worked  in  the  railroad  yards.  He  was  to  write 
him  from  Cologne  every  week,  no  matter  what  happened. 

For  a  while  the  letters  came.  Written  on  cheap,  thin  paper, 
they  always  said  the  same  thing:  “Am  as  well  as  can  be.  Noth¬ 
ing  new  in  Cologne.” 

But  one  week  the  letters  stopped.  No  explanation.  No  rea¬ 
son  ...  Of  course,  Herr  Braun  did  see  a  little  item  in  the  local 
Nazi  paper  about  an  ineffective  British  raid  on  Cologne.  But 
didn’t  the  pap>er  say  the  damage  was  small  — mostly  schools 
«nd  hospitals?  And  wasn’t  the  Luftwaffe  invincible?  It  would 
never  let  the  enemy  reach  Cologne  in  force. 

.  . .  Still,  the  letters  did  not  come.  And  besides.  Herr  Braun 
began  to  hear  strange  rumors  . .  .  spread  quietly  behind  the 
backs  of  the  Nazis  . . .  disturbing  rumors  about  a  big  raid  on 
Cologne  .  . .  the  biggest  air  raid  in  history  . . . 

One  night  Herr  Braun  tuned  his  radio  to  a  forbidden  sta¬ 
tion— an  American  short-wave  station.  And  there  it 
was  — the  facts,  the  figures,  the  full  grim  story  of  the 


mighty  German  city  blown  to  bits  from  the  air  . . .  Yes,  the 
railroad  yards  were  destroyed. 

And  Herr  Braun  began  to  wonder  . . .  So  the  Nazi  paper  had 
lied.  The  Luftwaffe  was  not  invincible.  The  British  and  Amer¬ 
icans  could  come  and  bomb  German  cities  despite  Der 
Fuehrer's  boast  that  it  would  never  happen  . . .  And  the  faith 
of  Herr  Braun  began  to  fade.  The  faith  Goebbels  and  Goering 
and  Hitler  had  been  building  up  in  Herr  Braun  for  nine  long 
years— began  to  crumble. 


RCA  equipment,  used  by  short-wave  stations  WRCA  and 
WNBI,  is  helping  reach  thousands  of  Herr  Brauns  with  the 
truth  . . .  the  truth  to  shake  their  faith  in  Fascism.  But  together 
with  the  destruction  of  that  faith,  these  messengers  from 
America  are  molding  a  new  faith.  A  faith  that  out  of  the  chaos 
and  destruction,  out  of  Nazi  defeat,  and  out  of  the  victory  of 
the  United  Nations- will  come  a  better  and  freer  life  .  . .  for 
Herr  Braun  and  for  all  the  world. 


Ml 


★  BUY  U.  S.  WAR  BONDS  ★ 


RCA  BROADCAST  EOUIPMENT 

RCA  Manufacturing  Co.,  Inc.,  Camden,  New  Jersey 
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I  anced,  the  meter  will  read  zero.  The 
state  of  balance  is  then  disturbed 
slightly  by  suitably  adjusting  the  bias 
on  one  of  the  tubes,  so  that  the  meter 
reads  exactly  half  scale.  Positive  and 
!  negative  percentage  inductance  changes 
j  are  then  calibrated  on  the  scale  with 
I  respect  to  this  new  zero.  A  center- 
I  reading  meter  could  be  used  but  is  not 
essential  as  the  sensitivity  is  not  im- 
;  paired  by  the  small  initial  degree  of 
i  asymmetry, 
i 
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Here^s  something  else  that 


WITHOUT  fuss  or  fury,  many  limi¬ 
tations  have  been  overcome  in  the 
manufacture  and  use  of  plastics.  Molded 
INSUROK  parts,  for  example,  are  being 
produced  in  large  quantities  for  war  uses 
so  important  that  they  cannot  be  men¬ 
tioned.  And  now  Laminated  INSUROK 
is  being  formed  into  "accordion  pleats” 
and  other  shapes  to  solve  another  cate¬ 
gory  of  production  problems. 

In  addition  to  extending  the  ways  in 
which  INSUROK  can  serve  the  armed 
forces,  Richardson  Plasticians  are  helping 
designers  take  full  advantage  of  this  ver¬ 
satile  material,  are  helping  many  manu¬ 
facturers  increase  their  output  per  ma¬ 
chine-hour. 

If  you  have  a  problem  which  molded 
or  laminated  plastics  might  solve,  write 
us.  \X'e'll  be  glad  to  furnish  the  details 
and  characteristics  of  INSUROK  Pre¬ 
cision  Plastics — or  give  you  the  benefit 
of  our  experience. 

The  Richardson  Company,  Melrose 


Park,  Illinois;  Lockland,  Ohio;  New 
Brunswick,  New  Jersey;  Indianapolis, 
Indiana.  Sales  Offices:  7  5  W  est  Street, 
New  York  City;  G.  M.  Building,  Detroit, 
Michigan. 


INSUROK  and  the  experience  of  Richardson 
Plasticians  are  helping  war  products  pro¬ 
ducers  by: 

1.  Increasing  output  per  machine- 
hour. 

2.  Shortening  time  from  blueprint  to 
production. 

3.  Facilitating  sub-contractina. 

4.  Saving  other  critical  materials  for 
other  important  |obs. 

5.  Providing  greater  latitude  for  de¬ 
signers. 

^  6.  Doing  things  tliat  "can’t  be  done.” 

7.  Aiding  in  improved  machine  and 
product  perlormaiice. 


MADE  AND  SOLD  ONLY  BY  THE  RICHARDSON  COMPANY 


FIG.  2 — Simpliiied  circuit  of  equipment 
used  ior  experimental  veriiication  of  theo¬ 
retical  results  and  ior  calibratinq  the  meter 

Calibration  of  the  instrument  may  be 
performed  using  the  arrangement  of 
Fig.  2,  since  a  one  percent  change  in 
is  still  equivalent  to  a  one  percent 
change  in  rectified  voltage  at  the  grid 
of  F,.  It  is  only  necessary  to  re-plot  the 
linear  characteristic  for  6J7G’s  under 
the  same  conditions  of  voltage,  current 
and  circuit  resistances  that  are  used 
in  the  final  instrument.  The  steady  grid 
voltage  in  the  calibration  set-up,  for 
example,  will  be  the  algebraic  sum  of 
the  rectified  grid  voltage,  obtained  for 
the  value  E  chosen,  and  the  steady 
grid  voltage  obtained  from  the  volt¬ 
age  drop  across  R-  in  Fig.  1. 

The  meter  used  was  a  0-100  d-c 
meter  re-.scaled  with  center  zero,  so 
as  to  read  ±50  tia.  A  reading  of  ±20 
Ma  then  represented  a  one  percent  dif¬ 
ference  between  and  L,.  A  small 
change  in  the  meter  reading  amounting 
to  about  2/ua  is  observed  when  a  coil 
fe.g.  L^)  is  removed  from  and  replaced 
in  the  circuit  owing  to  the  thermal 
changes  produced  by  the  resulting  un¬ 
balance  of  the  bridge.  The  meter  re¬ 
turns  to  its  initial  reading,  however,  in 
about  a  quarter  of  a  minute.  When  ad¬ 
justing  coils  in  quantity  production, 
this  period  causes  no  loss  of  time,  since 
it  is  concurrent  with  the  time  of  ad¬ 
justing  the  coil  and  it  is  usually  found 
that  when  the  coil  has  been  adjusted 
the  residual  shift  is  negligible. 

.Although  the  frequency  of  the  volt¬ 
age  E  applied  to  the  reactances  to  be 
compared  does  not  affect  the  calibration 
of  the  instrument,  it  should  be  chosen 
in  relation  to  the  value  of  the.se  react¬ 
ances  and  the  available  o.scillator 
power,  so  that  the  magnitude  of  thi.s 
voltage  will  be  sufficient  for  the  satis¬ 
factory  operation  of  the  diodes.  The 
oscillator  frequency  must  also  be  kept 
well  aw'ay  from  the  natural  resonant 
frequencies  of  the  coils  under  test.  The 
frequencies  used  for  three  instruments 


U.  S  NAVY  OFFICIAL  FHOTO 


A  man  talks 
into  o  micro 


one 


And  somewhere  ...  a  pilot  gets  set  to  meet  a  foe  he  can't  see  ...  a  tank 
rumbles  into  action  .  .  .  Navy  guns  begin  to  thunder.  Coordination  of  forces, 
fhat  is  just  one  of  the  functions  of  radio  communication  in  this  war. 

Today,  Jefferson-Travis  is  working  100%  on  the  production  of  radio  com¬ 
munication  equipment  for  the  armed  forces  of  the  United  Nations.  And  our 
entire  Organization  is  dedicated  to  all-out  production  until  Victory  is  won. 
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designed  to  test  coils  ranging  from  1  to 
200  were  respectively  10  Me,  1  Me 
and  100  kc. 

It  will  be  apparent  that  normal  stray 
capacities  in  parallel  with  the  coils  have 
negligible  effect  with  this  arrange¬ 
ment,  because  only  differences  in  the 
total  reactance  of  the  arms  and  L, 
are  significant  and  because  the  fre¬ 
quency  used  is  very  much  lower  than 
the  parallel  resonant  frequency  of  the 
coil  and  circuit  capacities.  The  system 
thus  gives  a  true  indication  of  induc¬ 
tance  and  is  relatively  independent  of 
variations  in  the  distributed  capacity 
of  the  test  coils,  a  feature  not  attained 
in  either  the  resonance  or  beat  fre¬ 
quency  methods  of  testing. 

For  use  in  production  testing  of  coils 
the  bridge  is  first  set  up  with  an  exter¬ 
nal  standard  coil.  This  coil  is  inserted 
in  the  jig  and  the  internal  standard 
adjusted  for  equal  voltage  across  each 
coil.  After  setting  the  meter  to  the 
center  zero  in  the  test  position  by 
means  of  a  vernier  bias  control,  the  in¬ 
strument  is  ready  to  test  a  batch  of 
coils.  The  coils  are  merely  inserted  in¬ 
dividually  in  the  test  jig  and  adjusted 
in  inductance  until  the  meter  pointer 
comes  within  the  plus  and  minus  per¬ 
cent  inductance  tolerance,  marked  on 
the  meter  scale.  No  further  adjust¬ 
ment  to  the  instrument  is  required. 
The  process  becomes  as  simple  as  check¬ 
ing  resistances  with  an  ohmmeter. 

The  beat  frequency  system  which 
was  previously  used  gave  an  average 
testing  rate  for  broadcast  coils  of  two 
per  minute  for  one  instrument  and  one 
operator.  With  the  bridge  system,  un¬ 
der  similar  conditions,  a  rate  of  three 
coils  per  minute  is  easily  maintained. 


THAT  AID  THE  VISION  OF 


OUR  NAVY 


NEWEST  BRITISH  ARMY 
CORPS 


^HP|||||||H  When  rain  and  sleet  are  driven  by  wintry 

blasts  .  .  .  w'hen  sea  spray  thrown  by  plunging 
bows  dashes  against  protective  glass  .  .  .  these 
times  when  the  mariner  needs  the  clear- 

Electrically  driven  windshield  wipers,  de- 

rYRTT  IC'HT  TTVPF  VC^IPFP  ^  ^  ^  % 

ov**  Slit,  IM  and  Salt  oapositi  veloped  for  our  Navy,  are  so  powerful  that 
.  and  ketps  gotug.  literally  scrape  ice  off  glass  yet  can  be 

reduced  in  action  to  wipe  away  gently  the  slightest  sea  mist.  Ward 
Leonard  Rheostats  are  used  in  many  of  these  jobs  to  control  exactly 
the  motive  power  of  the  wipers. 

This  is  just  another  of  the  many  instances  where  Ward  Leonard  Con¬ 
trols  developed  for  peace  time  service  meet  a  vital  need  in  war  activity. 
If  your  war  work  requires  any  form  of  electric  control,  you  probably 
will  find  exactly  what  you  want  in  the  Ward  Leonard  Line. 


A  new  Army  Corps  has  come  into  exist¬ 
ence  in  England.  It  is  known  as  the  Royal 
Electrical  and  Mechanical  Engineers 
(R.E.M.E.)  which  will  be  responsible  for 
Army  mechanical  maintenance,  including 
the  recovery  and  repair  oi  tanks  in  action. 
After  administrative  details  are  completed, 
the  men  allocated  to  this  corps  will  be 
officially  transferred.  The  R.E.M.E.  will  be 
made  up  of  engineering  and  maintenance 
personnel  except  those  serving  in  trans¬ 
port  platoons  and  workshops  platoons  and 
part  oi  the  mechanical  maintenance  per- 
soimel  oi  the  Royal  Engineers.  Shown 
here  are  radio  mechanics  at  work  on  a 
tank  radio  in  an  R.E.M.E.  workshop 
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Electric  control  ^|j  devices  since  1892, 
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It  is  stated  that  the  method  is  such 
as  to  provide  measurements  accurate 
within  2  percent  providing  the  dis¬ 
charge  vessel  is  given  suitable  pre¬ 
treatment  and  provided  further  that 
the  fields  are  homogeneous  over  the 
)egion  of  the  discharge  tube.  It  is 
further  shown  that  the  brightness  of 
the  discharge  is  proportional  to  the 
field  strength  but  that  the  slope  of  the 
curve  relating  field  strength  with 
relative  light  intensity  varies  with  the 
frequency  of  the  field.  The  slope  is 
greater  as  the  frequency  is  increased 
and  a  calibration  curve  is  shown  for 
wavelengths  between  3  and  14  meters. 
The  inconvenience  of  providing  a  cali¬ 
bration  for  each  new  frequency  has 
been  overcome  by  providing  an  adjust¬ 
ment,  which  appropriately  alters 
the  sensitivity  of  the  phototube  to 
compensate  for  variation  in  sensitivity 
as  a  function  of  frequency. 


THE  ELECTRON  ART 


H-F  Field  Strength  Measurements 

Electronic  Phase  Bridge . 

Bibliography  on  Safety . 

Sensitive  Tube  Relay . 

Grid  Controlled  X-Roy  Tube . 

Improvement  in  F-M  Ampliiler . . 
Rochester  Fall  Meeting . 


High  Frequency  Field  Strength 
Measurements 

Writing  under  the  title  “An  Instru¬ 
ment  for  Measuring  Electrical  Field 
Strength  in  Strong  High  Frequency 
Fields,”  in  the  Augpist  issue  of  the 
Review  of  Scientific  Instruments,  Kurt 
Lion  describes  an  instrument  which 
measures  intensity  of  the  high  fre¬ 
quency  electric  fields,  point  by  point, 
by  means  of  an  electrodeless  discharge 
tube  operated  in  conjunction  with  a 
phototube  radiation  indicator.  Although 
the  instrument  described  is  largely  in¬ 
tended  for  application  to  dosimetry  and 
for  local  measurements  in  shortwave 
therapy,  it  is  also  applicable  to  the 
investigation  of  insulators  or  other 
parts  exposed  to  high  voltage,  and  to 
the  measurement  of  field  strength  dis¬ 
tribution  in  high  frequency  alternating 
fields  in  general. 

After  a  discussion  of  some  of  the 
previous  methods  of  measuring  field 
intensity,  particularly  at  high  frequen¬ 
cies,  it  is  concluded  that  the  utilization 
of  the  phenomena  of  electrodeless  gas 
discharge  best  fulfills  the  requirement 
of  a  suitable  field  strength  measuring 
instrument.  It  is  shown  that  by  putting 
a  tube  containing  gas  under  low  pres¬ 
sure  into  an  electric  field  a  gas  dis¬ 
charge  arises,  the  intensity  of  which 
depends  on  the  field  strength  as  well 
as  upon  the  direction  of  the  field.  A 
tubular  or  similar  container  is  mo.st 
suitable  if  the  direction  of  the  electric 
field  must  be  detei’mined  although  if 
only  its  magnitude  is  required,  it  is 
more  convenient  to  employ  a  spherical 
discharge  vessel. 

A  schematic  diagram  of  the  com¬ 
pleted  instrument  is  shown  in  Fig.  1. 
Essentially  the  device  consists  of  the 
spherical  discharge  vessel  which  is  in¬ 
serted  in  the  field  at  the  appropriate 
point,  a  phototube  radiation  indicator 
with  its  associated  electron  tube  ampli¬ 
fier,  and  the  necessary  power  supply, 
adjustable  resistances  and  indicating 
meter.  The  spherical  discharge  vessel 
is  contained  at  the  end  of  a  thin  wall 
insulated  tube  whose  inner  surface  has 
been  made  highly  reflecting.  Light  from 
the  discharge  vessel  falls  upon  the 
sensitive  surface  of  the  phototube 
which  in  turn  varies  the  grid  voltage 
on  the  amplifier  tube.  A  milliammeter 
in  the  plate  circuit  of  the  amplifier 


Measurement  with  an 
Eleetronic  Phase  Bridge 

Methods  for  making  convenient  and 
sensitive  measurements  of  impedance, 
reactance,  frequency,  and  phase  rela¬ 
tionships  by  means  of  an  electronic 
phase  bridge  which  is  composed  of  a 
phase  sensitive  detector  and  an  unbal¬ 
anced  bridge  circuit  are  described  by 
R.  H.  Brown  in  the  July  issue  of  the 
Review  of  Scientific  Instrximents.  The 
title  of  this  paper  is  “Sensitive 
Measurements  of  Impedance,  Reactance, 
Frequency  and  Phase  Relationships 
with  an  Electronic  Phase  Bridge.”  The 


Fig.  1  —  Diagram  of  Held  strength  meter. 
(A)  Discharge  vessel,  (8)  Insulating  tube. 
1  in.  in  diameter.  2  it.  in  length;  (C) 
Phototube;  (D)  Ampliiier  tube;  (M)  Meter 
0.25  milliamperes,  (Ri)  10  megohm  re¬ 
sistor,  (R,)  10,000  ohm  resistor;  (Rs)  10,000 
ohm  resistor;  (R,)  10,000  ohm  resistor; 
(Rr.)  2,000  ohm  resistor 


tube  is  used  to  provide  an  indication 
of  the  brightness  of  the  discharge,  and 
this  in  turn  may  be  calibrated  in  terms 
of  the  field  intensity. 


RECTIFIERS  AT  WHN 


These  rectifier  tubes  supply  d-c  power  at  18.000  volts  to  operate  the  50-kw 
transmitter  of  station  WHN  at  East  Rutherford,  N.  J.  This  station  serves  the 
New  York  City  metropolitan  area 
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THUMB  SIZE 


This  sectional  view  of  the  Micro  Switch 
shows  assembly  of  features  described  below 


FEATHER  LIGHT 


Vhy  these  basic  principles  of  Micro  Switch 

.  Longer  Switch  life  than  you  will  ever  need 

esian  assure  vou  Absolutely  precise  and  accurate  repeat  operation 

'  ^  _ An  nrnmc  nrocciiro _ liahtnina.fast  COntOCt  OCtion 


It  Micro  Switch  design  incor- 
©tes  features  that  provide 
arable  performance  charac- 
Eciics  not  generally  found  in 
ar  action  switches. 


The  operating  principle  as  illustrated  here, 
is  simple  and  fundamentally  correct.  The 
long  member  of  the  one  piece  spring  ’’B” 
is  supported  in  a  cantilever  at  "A”.  The 
two  short  members  are  compression  mem¬ 
bers  supported  in  V’s  at  "C”.  Finish  of  the 
ends  of  the  two  short  members  of  the 
spring  and  the  exact  shape  of  the  Vs  (pat¬ 
ented)  produces  a  bearing  of  such  low 
friction  that  when  the  plunger  at  "D”  de¬ 
forms  the  long  tension  member,  the  canti¬ 
lever  force  overcomes  the  vertical  force 
supplied  by  the  two  compression  mem¬ 
bers  and  the  free  or  contact  end  of  the 
spring  "E"  snaps  from  one  stop  to  the 
other  with  lightning-fast  speed.  Reverse 
action  occurs  when  the  deformation  of  the 
tension  members  of  the  spring  by  plunger 
”'D”  is  removed.  The  cantilever  force  then 
becomes  less  than  the  vertical  force  sup¬ 
plied  by  the  compression  members. 


The  stationary  contact  is  a  flat  inlay  of 
99.95%  fine  silver.  This  construction  as¬ 
sures  ample  over-load  capacity  and  maxi¬ 
mum  heat  dissipation. 


The  short  compression  members  of  the 
spring  pivot  in  the  patented  V-grooves  of 
the  sturdy  brass  anchor  illustrated  here 
and  located  directly  under  the  plunger  as 
shown  in  cutaway  view  of  switch.  Note 
the  special  shape  of  these  grooves.  This 
shape,  plus  the  specially  finished  edge  of 
the  compression  members  of  the  spring 
reduce  friction  to  a  minimum. 


[fee  operating  principle  is  dif- 
et^nt  in  that  the  spring  bends 
a  ttie  same  direction  as  the 
)p*riting  plunger.  There  are 
fflroerse  bends — no  “oilcan” 
icdon.  Therefore,  the  Micro 
isfech  provides  you  w’ith  longer 
life  than  you  will  ever 
^  , . .  accurate  repeat  action 
iia  precise  point . . .  40  grams 
pressure  and  positive, 
^tning-fast  action. 


The  operating  plunger  consists  of  a  highly 
polished  stainless  steel  pin  moulded  into  an 
accurately  moulded  star-shaped  Bakelite 
head.  Its  size  and  form  provide  a  long 
over-surface  path  to  live  parts,  thus  insur¬ 
ing  freedom  from  electrical  leakage.  The 
star-shaped  plunger  bead  cannot  rotate 
within  the  housing,  insuring  against  any 
variation  in  point  of  operation.  The  Bake¬ 
lite  head  comes  to  rest  against  the  anchor 
within  .020'  after  actuation  occurs,  thus 
preventing  excessive  overtravel,  and  in¬ 
suring  maximum  spring  life. 


The  contact  end  of  the  spring  is  fitted  with 
a  riveted  radius  type  contact  of  99.95% 
fine  silver.  As  the  plunger  is  actuated,  this 
contact  moves  from  one  position  to  the 
other  at  a  speed  of  from  3  lOOOth's  to 
5/ lOOOth's  of  a  second  with  a  rolling 
action  and  high  pressure  that  minimizes 
welding  and  assures  positive  contact.  - 


aini.i!'  si/e,  its  ability  to  oper- 
tts.uisfactorily  for  millions  of 
ii^  .itionson  minute  movement 
aid  force  differentials,  and  its 
ral.ihility  in  various  types  of 
Bi-'ings  and  a  wide  range  of 
ictiiators  —  have  made  it  the 
ioice  of  design  engineers  in 
form  of  equipment  from 
^  machinery  to  sensitive 
■Slti  ’  ents. 


The  Micro  Switch  spring  is  made  in  one 
piece  from  beryllium-copper  strip.  It  is 
stamped  before  gauging  and  only  those 
stampings  which  conform  to  an  accurate 
.0085'  thickness  are  used.  The  spring  is 
heat-treated  to  provide  high  resistance  to 
fatigue.  Every  lot  is  tested  by  an  acceler¬ 
ated  life-test  for  10,000,000  mechanical 
operations  to  full  overtraveL  The  ends  of 
the  two  compression  members  of  the 
springs  are  specially  finished  to  provide 
an  extremely  low  friction  bearing. 


If  you  would  like  lo  know  more  about  the 
Micro  Switch,  send  for  the  two  Handbook- 
Catalogs  illustrated  here — No.  60,  which  cov¬ 
ers  Micro  Switches  in  general;  and  No.  7  0 
which  dealt  with  specific  Micro  Switches  for 
use  in  aircraft. 


Micro  Switch  is  o  trade  name  indicating  manufacture  by  Micro  Switch  Corporation 


i. 


Manufactured  in  FREEPORT,  Illinois  by  Micro  Switch  Corporation 

f ’7ncies:  43  East  Ohio  St.,  Chicago  •  11  Park  Place,  New  York  City  •  Sales  and  Engineering  Offices:  Boston,  Hartford,  Los  Angeles 


paper  discusses  the  theory  of  the  phase 
sensitive  detector,  the  use  of  the  phase 
bridge  in  measurement  and  sensitivity 
and  sources  of  errors  in  measurements 
with  this  bridge. 

The  essential  elements  of  the  elec¬ 
tronic  phase  bridge  are  shown  in  Fig.  1. 


HOW  PRESTO 
RECORDERS 
ARE  USED  IN 
WARTIME 


Fig.  1 — Schematic  wiring  diagram  of  the 
essential  elements  of  the  electronic  phase 
bridge 


The  device  consists  of  an  input  vacuum 
tube,  a  Wheatstone  bridge  having  two 
resistive  arms,  whereas  the  remaining 
arms  are  formed  by  the  sections  of  a 
double  diode  and  a  transformer  supply¬ 
ing  power  to  the  bridge. 

With  the  arrangement  shown  in  Fig. 
1,  and  after  a  mathematical  derivation 
of  the  circuit  behavior,  it  is  shown  that 
for  a  true  sine  wave  voltage  applied 
to  the  grid  of  the  measuring  tube,  a 
plate  current  will  flow  whose  magni¬ 
tude  is  given  by 

I,  =  .4  E,  sin  a  -f-  BE,  cos  a  -f-  C 
where  “  is  the  phase  diffei’ence  between 
E,  and  the  fictitious  plate  voltage  E^. 
W’hen  the  bridge  is  balanced  so  that 
the  galvanometer  current  is  zero,  the 
phase  angle  a  will  have  some  definite 
value.  The  circuit  of  Fig.  1  is  used 
only  for  obtaining  an  appropriate  null 
or  balanced  condition.  In  order  that 
suitable  phase  measurements  may  be 
made,  the  device  of  Fig.  1  can  be  used 
in  connection  with  an  additional  im¬ 
pedance  bridge.  The  circuit  of  the 
complete  instrument  is  shown  in  Fig.  2 
in  which  the  unknown  impedance  is 
connected  to  the  terminal  marked  Z. 
In  use,  the  switch  S,  is  thrown  to  one 
position  and  the  resistance  R  is  varied 
until  a  balance  is  obtained  in  the  phase 
bridge  as  indicated  by  a  zero  deflection 
of  the  galvanometer.  The  bridge  con¬ 
nections  to  the  source  are  then  re¬ 
versed  by  throwing  the  switch  to 
the  reverse  position,  in  which  case  the 
galvanometer  will  no  longer  show'  the 
zero  deflection.  Accordingly,  the  new 
value  of  R  will  be  required  to  bring 
the  bridge  to  the  condition  of  balance. 
If  R  and  R'  are  the  values  of  the  re¬ 
sistances  which  are  required  to  produce 
a  balanced  condition  when  the  switch 
Sj  is  thrown  to  the  two  possible  posi¬ 
tions,  then  it  may  be  shown  that  the 
magnitude  of  the  impedance  is  given 
by  the  relation 

Z  =  {RR’)y^ 

This  affords  a  convenient  method  of 
determining  an  impedance  by  making 
two  settings  of  a  known  resistance. 

Using  this  arrangement,  frequencies 
may  be  measured  by  using  for  Z 
a  known  impedance.  A  particularly 
useful  arrangement  is  to  use  a  perfect 


men  in  fifty  UbO  Clubhouses  record 
messages  to  be  sent  home  to  their  families 
and  friends  .  .  .  also  record  local  radio 
shows  to  be  broadcast  over  the  caxnp-wide 
"Star  Spangled  Networks.” 

Presto  recordings  are  heard  daily  throughout  the  world  via 
short  wave  rebroadcasts  to  various  time  zones  spreading  news, 
bringing  entertainment  from  home  to  troops  in  far-off  countries, 
combating  enemy  propaganda. 

War  material  manufacturers  make  Presto  records  of  lectures  for 
training  new  employees,  sound  only  or  sound  for  slide  films. 
They  record  machine  noises  which  indicate  faulty  assembly  or 
adjustment  of  equipment,  give  new  inspectors  the  equivalent 
of  a  year’s  working  experience  in  a  few  weeks. 

Busy  war  industries  use  the  Presto  to  record  conferences, 
messages  and  reports.  Recording  saves  time,  improves  accuracy 
The  records  can  be  filed  like  letters,  transcribed  when  necessary. 

Perhaps  you  need  a  Presto  recorder  in  your  business.  Phone 
or  wire  your  nearest  Presto  Sales  Engineer.  Let  him  plan  a  record¬ 
ing  installation  for  you. 


R.  A.  Adams 
Detroit,  Mich. 

Univ.  1-0180 
Albert  Batis 
Phila..  Pa. 

Penny  0542 
Leroy  W.  Beier 
ChicaKo,  Illinois 
Har.  4240 

J.  Earl  Smith 
Dallas.  Texas 
Dallas  37093 


San  Francisco, 
Calif.— Su.  8854 


World’s  Largest  Manufacturers  of  Instantaneous  Sound  Recording  Equipment  and  Discs 
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CONTROLLED 


Controlled  air  restriction  means  exactly  what  is 
implied,  namely  tubing  accurately  manufactured, 
not  to  a  given  inside  diameter,  but  to  pass  a  specific 
amount  of  air  or  liquid  for  a  pre-determined  length. 
In  the  field  of  aircraft  instruments  this  is  impor- 
tant  because  it  means  delivery  of  pre-tested  tubing 
in  various  forms  —  ready  for  use! 


This  new  method  of  manufacturing  has  greatly 
accelerated  production  of  all  units  utilising 
accurately  drawn  seamless  copper,  aluminum 
and  brass  tubing. 

You  should  write  or  wire  us  today  about 
your  tubing  problems.  We  are  more  than  glad 
to  assist  in  any  way  possible. 


Illustrated  above, various  types  of  pre-tested,  pre-formed  tubing  manufactured 
by  Precision  Tube  Company  and  delivered  ready  for  immediate  installation. 


ti 


ii\Q3El 


Fig.  2 — Schematic  wiring  diagram  of  the 
complete  phase  bridge  showing  the  elec¬ 
tronic  detector  and  supplementary  impe 
dance  bridge  required  in  making  the 
measurement 


Microphones 

Assure  Intelligibility 


condenser  for  R  in  which  case  the 
frequency  is  given  by  the  expression 


Whatever  or  wherever  your  job  —  in  Army  Camp,  War  Plant, 
Ordnance  Plant,  Airdrome,  Dock,  Police  Transmitter,  Broad* 
(casting  Station  or  on  the  home  front,  there  is  a  Turner  Micro¬ 
phone  that  offers  you  more  intelligible  communications.  The 
precision  engineering  in  Turner  Microphones  continues  to  make 
these  outstanding  units  first  choice  of  critical  users.  All  Turner 
Microphones  are  ruggedly  constructed  to  offer  maximum  heavy 
duty  operation  under  any  climatic  or  acoustic  conditions.  Each 
and  every  Turner  Microphone  is  given  an  individual  sound 
pressure  test  over  the  entire  audio  band  before  leaving  the  fac¬ 
tory  —  your  assurance  of  complete  satisfaction. 


2jr  Vftft'C* 

The  author  shows  that  in  using  the 
electronic  phase  bridge  as  described, 
three  sources  of  errors  not  encountered 
in  ordinary  bridge  work  may  arise. 
These  are:  (1)  Errors  due  to  current 
taken  from  the  bridge  by  the  detector, 
(2)  errors  due  to  a  gain  in  the  values 
of  the  coefficients  A,  B,  and  C  in  the 
equation  for  galvanometer  current, 
caused  by  differences  in  the  peak  value 
of  Ef  for  the  two  different  balance 
adjustments,  and  (3)  errors  due  to 
the  effect  of  harmonics  in  the  grid 
voltage  Eg. 

The  first  source  of  error  may  be 
removed  by  making  the  input  impeti- 
ance  of  the  detector  very  high  com¬ 
pared  with  that  of  the  bridge.  The 
second  source  of  error  is  not  likely 
to  be  large  but  can  be  removed  by  ad¬ 
justing  the  voltage  to  the  plate  of  the 
twin  diode  provided  this  does  not 
change  the  phase  relationship.  The 
third  source  of  error,  harmonics  of  the 
detector  input,  are  likely  to  prove  a 
troublesome  source  of  error.  These 
errors  may  be  minimized  or  eliminated 
by  applying  only  a  sine  wave  to  the  de¬ 
tector  tube  through  the  use  of  the  filter 
shown  in  Fig.  2. 


101 

CARDIOID 


Where  the  going  is  tough  and  acoustic  conditions  practically 
impossible,  the  Turner  Cardioid  will  come  through.  The  two- 
element  generator  produces  true  cardioid  characteristics, 
offering  the  best  features  of  both  the  dynamic  and  velocity. 
No.  101  is  highly  sensitive  to  sounds  originating  in  front  of  the 
microphone  and  has  extremely  low  sensitivity  to  sounds 
originating  in  the  rear.  By  combining  these  two  elements  no 
sacrifice  of  frequency  response  is  necessary  Equipped  with 
tilting  head,  balanced  line  output  connection  and  heavy  duty 
cable.  Chrome  type  finish.  Available  in  Standard,  De  Luxe  and 
Broadcast  Models. 


TURNER  U9-S  GIVES  YOU 
FOUR  IMPEDANCES 


SO  —  200  —  500  ohms  or  Hi-Impedance  —  at  a  twist  of  the 
switch!  That's  what  you  get  in  Turner  U9-S,  a  ruggedly  built 
dynamic  that  does  the  job  of  four  mikes.  Adjustable  to  semi- 
or  non-directional  operation,  with  a  level  of  — 52DB  at  high 
impedance.  Response  is  free  from  peaks  and  holes  from  40  to 
9000  cycles.  Be  sure  of  your  ability  to  handle  ANY  job  with 
the  U9-S. 


TURNER  HAN-D  NO.  90 
HAS  LOW  FEEDBACK 


Electrical  Safety 

The  third  bibliography  of  technical 
literature  entitled  “Bibliography  on 
Electrical  Safety,  1930-1941“  has  just 
been  published  by  the  American  In¬ 
stitute  of  Electrical  Engineers,  33  W. 
39th  Street,  New  York  City.  This  pub¬ 
lication  is  designed  to  make  available 
a  fund  of  information  on  electrical 
safety  which  should  be  of  special  in¬ 
terest  at  a  time  when  accident  preven¬ 
tion  is  of  national  importance.  Items 
in  this  16-page  pamphlet  are  divided 
into  four  groups  as  follows:  (1)  Elec¬ 
trical  Accidents  and  Their  Causes;  (2) 
Accident  Prevention  Methods;  (3) 
Safety  Codes  and  Standards;  (4)  Ef¬ 
fects  of  Electric  Shock  and  (5)  Re¬ 
suscitation.  Copies  are  available  at  2") 
cents  to  Institute  members  or  50  cents 
to  non-members. 


For  those  jobs  where  you  need  a  mike  that  nestles  into  your 
hand,  gives  crisp,  clear  voice  reproduction  without  blasting 
from  close  speaking,  use  the  Han-D.  Its  positive  contact  off-on 
switch  permits  push-to-talk  operation.  Feedback  is  surprisingly 
low,  and  this  unit  withstands  rough  usage.  Can  also  be  mounted 
on  standard  floor  or  desk  stands,  hung  from  hook  or  held  in 
hand.  Chrome  type  finish. 


WRITE,  explaining  your  communications  problems,  and  we  can 
help  you  select  the  Turner  Microphone  best  suited  to  your 
needs.  We'll  gladly  send  you,  too,  any  information  on  how  to 
make  your  present  Turner  Microphone  and  equipment  give 
you  longer,  better  service. 


9D 

HAN-D 


Turner  Microphone  Catalog,  and  complete  inior-  i 
mation  on  Microphones  illustrated  here.  Write: 


THE  TURNER  CO. 

Crystals  Licensed  Under-Patents  of  The  Brush  Development  Co. 
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Portrait  of  a  man 
welding  "for  keeps" 

A  meticulous  step  in  ^^Electroneerin^^^*  combat  foreshadows  its  great 

- - - ^  value  to  Industry  when  our  final 

Spot  welding  aluminum  alloys  by  ert  heat  or  stratospheric  cold.  .  ,  of  peace- 


the  noted  Sciaky  method  of  apply¬ 
ing  welding  energy  to  an  extremely 
accurate  and  dependable  degree  is 
a  typical  example  of  precision 
manufacturing  at  Rauland. 

From  engineering  conception  to 
finished  product  there  is  no  com¬ 
promise  with  “second  best.”  Our 
armed  forces  rely  on  the  mechan¬ 
ical  perfection  of  our  electronic 
equipment  whether  in  searing  des- 


Rauland  ''Electroneering”*  justi¬ 
fies  that  confidence. 

This  wide  and  successful  use  of 
Rauland  electronic  instruments  in 


victory  brings  a  new  era  of  peace¬ 
time  activity. 

*  The  Rauland  u  ord  for  all  phases  of  Electronics 
from  research  through  engineering  to  finished 
product. 


**Electroneering''*  is  our  business 

RADIO—ruip^SOUND  _A/UT _  COMMUNICATIONS 


The  Rauland  Corporation 


Chicago,  Illinois 
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\  TRANSFORMERS 

(Special  and  Standard  Types) 


For  Control  of 
Motor  Speed 


Suppose  you  had  spent  the  last  twenty  years 
building  transformers.  Wouldn't  you  figure 
that  you  had  the  job  licked,  pretty  thoroughly, 
too?  Wouldn't  you  conclude  that  no  new 
transformer  problem  could  be  a  problem  any 
longer  than  it  took  to  turn  your  experience 
loose  on  it?  That's  our  story. 

We  can  build  Newark  dry  type  transformers 
to  serve  your  needs,  either  in  standard  types 
or  in  special  types  using  components  of 
proven  correctness.  Capacities  I  to  75  kva. 
And — we  may  be  able  to  deliver  sooner  than 
you  expect.  Check  with  us  oh  this.  Write 
for  Bulletin  A- 10. 


A  small  iV elding 
or  Brazing 
T  ransformer 


Also  oil  cooled  distribution  transformers,  de¬ 
tailed  in  Bulletin  D-11,  on  request. 


A  Furnace 
Transformer 


For  iV elding  and 
Brazing  Control 


^  TRANSFORMER  CO. 

17  FRELINGHUYSEN  AVE. 
NEWARK,  NEW  JERSEY 


TRANSFORMERS  FOR  ALL  PURPOSES 


Sensitive  Tube  Relay 

I  An  interesting  voltage  rejrulating  de- 
'  vice  is  described  by  S.  S.  Orlov  and  A. 
A.  Pirogov  under  the  title  “A  Sensitive 
Valve  Voltmeter  Relay”  in  the  August 
1942  issue  of  The  Wireless  Engineer. 
This  article  is  an  abbreviated  transla¬ 
tion  from  the  Russian  article  which 
appeared  in  Elektroscyaz,  1942,  No.  4, 
pp.  16  to  22. 


j  Fig.  1 — Block  diagram  of  voltage  regulator 
consisting  of  two  rectifiers  operated  in 
I  opposition 


■  The  essential  modes  of  operation  are 
shown  in  the  diagram  of  Fig.  1  and 
Fig.  2.  Two  rectifiers  are  connected  in 
parallel  across  the  line  voltage.  The 
outputs  of  the  rectifiers  are  connected 
in  voltage  opposition  and  the  circuits 
are  so  adjusted  that  for  the  desired 
:  output  voltage,  the  regulated  voltage 
'  is  zero.  The  characteristics  of  the 
I  two  rectifiers  are  such  that  they  have 
I  different  slopes  of  rectified  voltage 
I  versus  applied  alternating  voltage. 
1  Suitable  rectifier  characteristics  are 
'  shown  in  Fig.  2,  whereas  the  essential 
!  connections  of  the  system  are  shown  in 


Fig.  2 — The  voltage  output  from  the 
regulator  is  proportional  to  the  difference 
of  slopes  of  the  two  rectifiers  and  to  the 
deviation  from  standard  voltage,  and  can 
be  used  as  a  corrective  means 

j  Fig.  1.  From  Fig.  2  it  may  be  seen 
;  that  if  the  alternating  voltage  changes 
I  from  E„  to  E,,  a  regulated  voltage  will 
be  obtained  whose  value  is  ah  — 

(El  —  EJ  (tan  a  _  tan  (i).  If  the  ap¬ 
plied  alternating  voltage  decreases  be¬ 
low  E’„  the  polarity  of  the  indicating 
voltage  will  be  in  the  opposite  direction. 
With  this  arrangement,  the  regulated 
voltage  is  determined  not  only  by  the 
rectifier  characteristics  but  also  by 
the  deviation  from  the  desired  voltage. 
Since  the  regulated  voltage  is  likely  to 
be  small,  and  was  intended  to  operate 
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if  This  tiny  relay  weighs  less  than  an  ounce  but  it’s  a  cocky  and  energetic  little  bantam 
.  .  .  full  of  life  and  fight — in  a  small  way,  of  course — but  plenty  sufficient  for  its  job 
in  aircraft  and  radio  where  small  size  and  light  weight  are  at  a  premium.  And  tough, 
too  .  .  .  tough  enough  to  withstand  10  g’s  vibration.  Like  to  know  more  about  it?  A  post> 
card  will  do — ask  for  Bulletin  on  the  195  series.  No  obligation. 


LARGEST  LINE  OF  RELAYS  SERVING  AMERICAN  WAR  INDUSTRY 
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10.3 


CAiaER  DYNAMOTDRS 


a  servo  motor,  the  output  of  the  device 
was  inadequate  without  additional 
amplihcation. 

The  article  in  Wireless  Engineer 
contains  a  complete  schematic  wiring 
diagram  of  the  various  rectifiers  and 
amplifiers. 

It  is  desirable  to  increase  the  slope 
of  the  characteristic  A  and  to  decrease 
the  slope  of  characteristic  B.  Experi¬ 
ence  has  shown  that  this  can  best  be 
achieved  by  using  a  tungsten  filament 
tube  for  rectifier  A,  and  a  tube  with 
activated  filament  for  rectifier  B.  Rec¬ 
tifier  A  should  be  operated  so  that  the 
rectifier  voltage  will  be  determined  in 
general  by  the  filament  saturation  cur¬ 
rent.  On  the  other  hand,  rectifier  B 
should  have  a  large  reserve  of  electron 
emission  so  as  to  insure  space  charge 
limited  operation. 

It  is  stated  that  the  voltage  stability 
of  this  system  has  proven  to  be  better 
than  0.5  percent  and  that  in  more  than 
4,000  hours  of  operation,  no  inspection 
or  adjustment  of  the  equipment  was 
required  other  than  to  replace  one  tube. 


Me 


Grid  Controlled  X-Ray  Tube 

Described  in  the  May,  1942,  issue  of 
the  Review  of  Scientific  Instruments  is 
“A  Grid  Controlled  X-Ray  Diffraction 
Tube”  by  A.  Eisenstein.  It  is  pointed 
out  that  the  use  of  grid  control  in  a 
tube  used  for  x-ray  diffraction  is  of 


For  over  twenty  years  Carter  has  been  a  foremost  manufacturer  of 
radio  equipment,  and  the  oldest  continuous  manufacturer  of  Dyna- 
motors  in  America.  Research,  Experience,  Original  Designs,  and 
Advanced  Engineering  are  a  well  earned  attribute  to  their  success. 

Carter  Engineers  are  constantly  developing  new  designs  of  rotary  equip¬ 
ment  for  both  present  requirements,  and  for  the  great  advancement 
of  the  Radio  Electronics  field  in  the  future.  When  these  original  designs 
are  released,  they  will,  of  course,  create  new  high  standards  of  elec¬ 
trical  and  mechanical  performance  inherent  to  all  Carter  Products. 

New  Catalog  No.  100  Now  Ready 


Write  or  wire  today  for  the  new  com¬ 
plete  catalog  No.  100  illustrating  and 
describing  Carter  Super  and  Multi 
Output  Dynamotors,  Permanent  Mag¬ 
net  Hand  Generators,  the  new  High 
Capacity  Magmotor,  DC  to  AC  Con¬ 
verters,  AC  Generators,  and  Gene- 
motors. 


Fig.  1 — Wiring  diagram  of  square  wave 
generator  applying  square  wave  voltage 
to  grid  of  x-ray  tube 


1606  Milwaukee  Ave.  Carter,  a  well  known  name  in  radio  for  over  twenty  years.  Cable;  Genemotor 
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.  .  .  delivered  on  every  front  by  Western  Eleetric  eqni|)inent 


OUT  of  peace-time  telephone  making 
come  war-time  telephones  like  these. 
On  every  front,  they  keep  the  armed  forces 


operations  .  .  .  multiply  the  effectiveness 


of  every  fighter. 


in  contact. 


"Get  the  message  ihrouph!” 
is  the  tradition  of  men 
in  tlic  Signal  Corps.  More 
than  5.5(K)  of  them  are 
from  the  Bell  System. 


In  the  air,  on  land  and  water  and  under 
the  sea,  they  give  commanders  control  of 


Like  the  men  who  use  them,  they  are 
tough  and  dependable.  Thev  come  from 
estern  Electric,  for  60  vears  inanufa*  - 


turer  lor  the  Bell  System. 


'estern  Electric 


ARSENAL  OF  COMMUNICATIONS 


KI,KC.T'R( )M< ;S  —  \..r,.m/.<>r  l<)li 


r, 


a  tamoui  name  in 


value  because  it  makes  possible  a 
greater  output  of  characteristic  radia¬ 
tion  for  a  given  target  dissipation  of 
energy.  In  the  research  reported,  a  grid 
imposed  between  the  filament  and  tar¬ 
get  of  a  demountable  high  vacuum  typi 
x-ray  tube  is  modulated  in  synchronisn 
with  the  full  wave  rectified  voltage  im¬ 
pressed  upon  the  tube,  through  the  ust 
of  a  square  wave  generator.  The  grid 
potential  varies  in  such  a  manner  that 
the  electron  current  flows  only  when 
the  voltage  is  sufficiently  high  to  excite 
the  K  series. 

The  grid  of  the  demountable  x-ray 
tube  consists  of  a  set  of  six  parallel 
molybdenum  wires  10  mils  in  diameter, 
mounted  on  a  nickel  frame  and  space<i 
iV  in.  apart  except  for  the  two  cepter 
wires  which  are  Si  in.  apart  and  spaced 
I  in.  from  the  filament. 

Since  it  was  desirable  to  restrict  the 
target  current  to  those  portions  of  the 
cycle  during  which  the  applied  voltage 
was  greater  than  20,000  volts,  the  grid 
was  modulated  with  a  square  wave  vol¬ 
tage.  The  schematic  wiring  diagram 
of  the  square  wave  generator  is  shown 
in  Fig.  1.  To  insure  that  the  modula¬ 
tion  of  the  current  will  be  accurately 
in  step  with  the  voltage,  the  input  to 
the  square  wave  generator  was  ob¬ 
tained  by  means  of  the  voltage  divider 
consisting  of  and  R^,  capable  of  pass¬ 
ing  a  current  of  2  milliamperes.  A 
portion  of  this  voltage  is  applied  to  the 
control  grid  of  the  type  57  tube.  The 
circuit  is  adjusted  so  that  with  no  sig¬ 
nal  input  to  the  57  tube,  this  becomes 
non-conducting  while  the  type  47  tube 
becomes  conducting,  thus  biassing  the 
x-ray  tube  negatively  by  approximately 
300  volts.  When  the  signal  voltage 
becomes  sufficiently  large  so  that  the  57 
suddenly  conducts,  a  pulse  is  impressed 
on  the  grid  of  the  47  tube,  making  it 
non-conductive  and  biassing  the  x-ray 
tube  positively  by  approximately  600 
volts.  The  fraction  of  the  half  cycle 
over  which  the  x-ray  tube  becomes  con¬ 
ductive  could  be  varied  by  controlling 
the  signal  intensity  and  bias  of  the  57 
tube. 

The  power  supply  for  the  square 
wave  generator  is  of  the  conventional 
full  wave  rectifier  type  with  a  variable 
autotransformer  in  the  supply  line  to 
provide  the  desired  voltage  variation. 

A  number  of  photographs  showing 
the  wave  forms  obtained  on  an  oscillo¬ 
graph  with  the  diffraction  tube  oper¬ 
ated  under  various  conditions  are  in¬ 
cluded  in  the  article. 


Behind  the  cloak  of  wartime  secrecy,  the  best  radio  and 
electronic  engineers  in  the  world  ore  perfecting  the  devices  that 
will  shorten  this  war.  Theirs  is  the  equipment  that  will  help 
purge  civilization  of  the  infection  that  is  Schicklegruber  and 
Company. 


The  preference  of  free  America's  radio  engineers,  jobbers  and 
amateurs  for  JOHNSON  products  has  made  possible  the  modem 
JOHNSON  plant  and  personnel  that  is  today  doubling  and 
tripling  its  production  of  the  kind  of  ports  that  will  speed  our 
victory.  War's  tremendous  impetus  will  mean  new  and  im¬ 
proved  JOHNSON  products  for  tomorrow's  peace,  but  the 
Viking  Head  trade  mark  and  JOHNSON'S  leadership  in  quality 
and  design  which  it  symbolizes  will  not  be  altered. 


lniprove«l  Aiiiplitier  tor  r-.M 
Traiisiiiitlers 

An  article  by  A.  A.  Skene  in  the  July 
issue  of  the  Bell  Laboratories  Record 
describes  “A  Grounded  Plate  Amplifier 
for  the  F-M  Transmitter”  which  con¬ 
tains  a  number  of  advantages  over  the 
usual  arrangement.  Customarily  the 
radio  frequency  amplifier  in  f-m  trans¬ 
mitters  takes  the  form  shown  in  Fig.  1, 
in  which  the  filament  is  grounded  and 
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It  hapiH‘iu‘«l  ill  un  uirpluiie  factory. 

^^lu'n  hroufjht  together  on  the  assein- 
lily  line,  sonu'closc-tolorancc  motor  parts 
»li<i  iu)t  fit.  Yet  oacli  part  had  Ihhmi  made 
correctly. 

One  part  had  Iktii  made  on  Tuesday 
accurately.  'J'he  other  part  had  been 
made  on  Thursday — also  ac<-nrately. 

Hut  Thursday  was  a  warmer  day  than 
Tuesday.  Tncontr«>lled  expansion,  due 
to  the  difference  in  tem|K‘ratnre,  upset 
the  niicros<-opK-ally  close  tolerances  of 
the  two  parts  .  .  .  thus  i)reventinf»  an 
aceurate  fit. 

To  eliminate  the  resulting'  waste  and 
delay  .  .  .  air  conditioning  was  installeil 
to  keep  tcmjM'ratures  under  control.  It 
had  to  he  extremely  efficient  air  cttndi- 
tionin'i — with  more  exact  temperature 
uud  humiility.  I'reeision  air  conditioning 


—  the  kind  Oeneral  F.hvtric  is  installing 
in  many  war  pnxluction  plants. 

Today,  air  conditioning  is  making 
enormous,  revolutionary  advances  in 
meeting  stringent  wartime  recpiirements. 
.Vfter  the  war.  the  lessons  learned  in 
making  fighting  ecpiipment  will  he  ap¬ 
plied  to  bring  man\  new  and  interesting 
henefits  to  the  general  puhlic. 

More  people  will  enjoy  air  condition¬ 
ing  ...  in  homes  ...  in  cars  .  .  .  and  in 
cver-increasing  nnmlH'rs  of  stores,  offices 
ami  factories.  It  will  he  vastly  improved 


air  conditioning  ...  in  many  ways.  Tem- 
j)erature  and  hnmiditij  will  he  main¬ 
tained  more  exactly  than  ever  Indore. 
Kipiipment  will  he  compact  .  .  .  Hexihle 
.  .  .  ec'onomical. 

Ttnlay,  hundreds  of  wartime  industrial 
users  are  turning  to  (ieneral  Klectric  for 
reliable  e«piipment.  In  the  future,  (i-K 
air  conditioning  will  fill  the  needs  of  all 
kinds  of  users. 

Air  ('onditioning  and  Commercial 
Refrigeration  DefHtrtment,  Division 
(ieneral  Electric  Co.,  Bloomfield,  .V.  J . 
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why  TUESDAY  couldn’t  marry  THURSDAY 
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in  Sife-&ut 

IDENTICAL  IN  QUALITY 


*po%  50  (fccm^-^ennoAtti 

has  been  preparing  for  TODAY 

#  Behind  us  are  the  long  years  during  which  we  built 
up  our  experience  in  making  quality  transformers  and 
established  our  prestige  in  the  field. 

Little  did  we  realize  what  that  would  mean  TODAY 
—  how  vitally  it  would  help  us  meet  the  specifications 
of  the  Army,  Navy,  and  Signal  Corps. 

To  that  priceless  background  of  experience  we 
have  now  added  expanded  manufacturing  facilities. 
NOW  we  are  fully  prepared  to  produce  Ferranti  qual¬ 
ity  transformers  —  in  larger  quantities  —  at 
lower  prices  for  a  premium  product. 

Let  us  quote  on  your  transformer  re¬ 
quirements  for  radio,  electrical,  aircraft 
and  electronic  equipment  and  instruments. 

Standard  or  special  transformers.  Rush 
us  your  specifications.  Phone,  wire  or 
write  immediately. 


the  plate  is  at  a  high  radio  frequency 
potential.  With  this  type  of  circuit  th. 
stray  capacitance  from  plate  to  ground 
produces  undesirably  sharp  tuning  o;‘ 
the  transmitter  and  results  in  rela 
tively  large  loss  in  the  plate  tuning  coil 


frfquvncy 


frequency 


Fiq.  1 — Usual  type  oi  circuit  employed  in 
radio  frequency  power  amplifiers 

Both  of  these  obstacles  are  overcome 
by  the  use  of  a  grounded  plate  ampli¬ 
fier  plus  a  number  of  additional  and 
novel  features  used  with  it.  The 
grounded  plate  circuit,  indicated  in 
simplified  form  in  Fig.  2,  results  in  an 
arrangement  in  which  the  stray  capaci¬ 
tance  from  plates  to  ground  is  in 
parallel  with  the  plate  blocking  con¬ 
denser  and  consequently  has  no  effect 
upon  operation.  The  capacitance  of  the 
filament  to  ground  is  all  that  need  be 
considered  with  this  arrangement  and 
this  is  much  smaller  than  that  between 
the  plate  and  the  ground. 

Since  the  filament  operates  at  a 


NAVY  INSTRUCTION 


FERRANTI  electric,  inc. 

■  k  II  II  rill  I  I  R.  C.  A.  BLDG.,  NEW  YORK,  N.  Y. 


The  students  in  the  Materiel  Laboratory 
of  the  Navy  receive  a  lecture  on  elec¬ 
tricity.  The  instructors  find  that  the  stu¬ 
dents  gain  first  hand  knowledge  by  work 
ing  directly  with  equipment 
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I  ww^Pb  •••  A  man-made  globe 

the  electronic  tube  — is  today  one  of  the  key  weapons  of  battle.  Eimac 


tubes  have  assumed  a  rank  of  "high  command”  in  this  "global”  war. 


Again  they  are  "first  choice  in  the  important  new  developments  in  radio 


THE  JOINT  ARMY- NAVY  "E"  awarded  September  4,  1942... 
first  award  of  this  kind  to  a  manufacturer  of  electronic  tubes. 


Export  Agonh:  Frazar  &  Company,  Ltd.,  301  Clay  St.,  San  Francisco, Calif. 
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MYCALEX  CORPORATION  OF  AMERICA 


announces 

great  NEWS! 

BOTTLENECK  IS  BROKEN! 


Fig.  2 — ImproTed  form  of  power  amplifier 
circuit  developed  for  use  in  frequenc 
modulated  transmitters 


Trade  Mark  Keg.  U.  S.  Pat.  Off. 


relatively  high  radio  frequency  poten¬ 
tial,  and  since  it  is  desirable  for  the 
filament  heating  transformer  to  oper¬ 
ate  at  ground  r-f  potential,  the  plate 
tuning  coil  of  Fig,  1  is  replaced  in  this 
new  circuit  by  a  coil  between  the  fila¬ 
ment  and  ground.  If  this  coil  is  formed 
by  a  pair  of  copper  tubes  in  parallel  as 
indicated,  the  filament  leads  may  be 
threaded  through  the  bore  of  one  of  the 
tubes  and  the  grid  driving  potential 
supplied  through  the  inner  conductor 
of  the  other.  At  the  filament  end  of 
this  coil,  the  copper  tubes  are  connected 
to  the  filament  through  condensers  as 
shown,  and  the  other  end  of  the  coil  is 
grounded.  Thus  the  filament  current 
and  grid  driving  voltage  are  delivered 
at  the  required  circuit  location  with  the 
sources  (driver  and  filament  trans¬ 
former)  maintained  at  ground  poten¬ 
tial. 

The  reactance  of  this  coil  is  adjusted 
by  the  use  of  a  coaxial  transmission 
line  less  than  a  quarter  wave  in  length, 
and  short  circuited  by  an  adjustable 
bridging  connector  at  the  far  end.  In 
practice  this  results  in  the  use  of  two 
concentric  systems  of  the  transmission 
line  type. 


(Leadless  Grade) 


orm 


•  MANY  companies  waited  .  .  .  patiently  (for  which  we  thank  them)  .  .  . 
because  there  just  wasn’t  any  way  at  that  time  to  supply  the  quantities  of 
MYCALEX  Insulating  Material  (Leadless  Grade)  that  our  war  work  demanded. 


•  NOW  THINGS  ARE  DIFFERENT.  Our  stepped-up  production  is  clicking. 
The  works  are  humming.  The  material  is  ready.  Gentlemen:  What  are  your 
requirements.^  PRIORITIES  will,  of  course,  continue  to  play  a  part  in  our  own 
allocation  of  material  until  we  are  sure  that  defense  needs  will  not  be  hampered. 
But  we  anticipate  little  difficulty  in  supplying  all  needs. 


•  MYCALEX  Insulating  Material  is  a  ceramic,  of  great  mechanical  strength, 
made  in  I4''xl8''  sheets  of  9  thicknesses  (|"  to  1").  Used  with  great  successi 
in  electronics,  mining,  railroading,  aviation,  utilities,  many  other  fields  where 
low-loss  characteristics  are  vitally  necessar)’. 


SPECIAL 

TESTING  STATION 


MACHINEABLE:  Your  own  mechanics  can  machine  parts  to  accurate  dimensions. 
Or,  send  us  specihcations  for  quotation  of  cost  and  delivert’  schedule  of  parts 
fabricated  in  our  large,  mtviern  machine  shop. 


FREE  BOOKLET  yours  on  request.  Describes  uses,  instruas  in  machining  technique, 
shows  examples  of  intricate  parts  made  of  genuine  Leadless  MYCALEX  Insulat¬ 
ing  Material.  VC'rite  to 

Lxclusive  American  Licensee  under  all  British  patents 

MYCALEX  CORPORATION  OF  AMERICA 

60  Clifton  Blvd.  (D«pf.  2L)  Clifton,  N.  J. 


Radio  transmitters  and  receivers  ore  be¬ 
ing  reconstructed  and  perfected  at  a  test¬ 
ing  station  in  Berne,  Switzerland.  Much 
oi  this  test  equipment  is  made  in  the  United 
States 
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•  This  favorite  reminiscence  of  gifted  liars  is  no 
tall  tale  in  the  development  of  military  equip¬ 
ment.  Army  engineers  set  out  to  design  field 
telephone  sets  which  will  give  perfect  service  in 
lands  where  'forty  below’  is  a  commonplace.  In 
such  cold  the  finest  phones  of  standard  design 
won’t  work,  but  today’s  army  telephones  oper¬ 
ate  as  efficiently  in  arctic  wastes  as  in  the  tropics. 

•  Connecticut  was  privileged  to  assist  in  this 


development,  and  put  its  precision  manufac¬ 
turing  facilities  to  work  producing  instruments 
by  the  thousand. 

•  For  the  second  time  in  its  history,  Connecticut 
has  "joined  up  for  the  duration.”  Until  final 
and  complete  victory  is  achieved,  our  entire 
facilities  are  placed  at  our  government’s  dis¬ 
posal.  We  are  sure  our  good  peacetime 
customers  would  not  have  us  do  otherwise. 


usarmyS 


CONNECTICUT  TELEPHONE 
&  ELECTRIC  CORPORATION 

**MERID£N,  CONNECTICUT 
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WHERE  IT'S  SO  COLD  THAT  VOICES  FREEZE 
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Factories 

NEW  YORK  CITY  •  LONG  ISLAND  CITY 
CHICAGO  •  PlANTSVIllE,  CONN. 


Rochester 
Fall  Meeting 


War  Radio  Conference 
November  9,  1942 
Sagamore  Hotel 
Rochester,  N.  Y. 


MONDAY,  NOVEMBER  9 


9:30  A.  M.— 12:30  P.  M. 

Symposium  on  Radio  Production  and  the 
War  Effort 

Opening  Address: 

Dr.  W.  R.  G.  Baker,  Director,  Engineering 
Department,  Radio  Manufacturers  Associ¬ 
ation 

Addresses  by: 

Lieut.  Commander  A.  B.  Chamberlain, 
Radio  Branch,  Bureau  of  Ships,  Navy 
Department 

Copt.  Billings  MacArthur,  U.S.A.,  Army- 
Navy  Communications  Production  Expedit¬ 
ing  Agency 

German  Aircraft  Radio  Equipment: 

Of  F.  S.  Barton,  British  Air  Commission 

Informal  conferences 


TYPE  G 

Operating  Wattage  0.05 


2:00  P.  M,— 6:00  P.  M. 

Technical  Session  on  Radio  Equipment 
Production 

"Flexibility  in  Communications  Equipment 
Production",  by  J.  J.  Farrell,  General  Elec¬ 
tric  Co.,  Schenectady,  N.  Y. 

"Radio  Production  Test  Methods",  by  Harry 
Rice,  Sperry  Gyroscope  Co.,  Garden 
City,  N.  Y. 

"Photographic  Templates",  by  E.  C.  Jewett 
and  C.  D.  Tate,  Eastman  Kodak  Co., 
Rochester,  N.  Y. 

CommiUee  Meetings  and  Informal  Con- 
fererlCes 


TYPE  B 

Operating  Wattage  0.012 


7:00  P.  M.— 10:00  P.  M. 
Rochester  Fall  Meeting  Dinner 
Speaker — To  be  announced 


Sensitive  in  their  ability  to  op¬ 
erate  with  minimum  wattage. 

Ruggedly  constructed  to  with¬ 
stand  the  vibration  and  shock 
of  Army  and  Navy  equipment. 

Meet  all  Army,  Navy  and  CAA 
specifications. 


RADIO  INSTRUCTOR 


Major  Emily  Saltonstall,  member  of  Massa¬ 
chusetts  Women's  Defense  Corps,  is  aiding 
the  defense  effort  and  is  now  instructing 
other  members  of  the  Corps  in  radio  serv¬ 
ice.  The  classes  are  held  three  days  a 
week  in  the  Defense  Corps  headquarters 
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In  general— and  based  on  the  experience  of  other 
manufacturers  as  well  as  our  own— carbon  com¬ 
position  resistors  can  be  made  more  than  twice  as 
Jast  to  a  tolerance  of  ±20%,  as  they  can  to  a 
tolerapce  of  ±10%. 

They  can  be  produced  four  times  as  fast,  if  the 
tolerance  is  ±  20%  instead  of  ±  5% — and  the  result¬ 
ing  scrap  or  wastage  is  reduced  by  a  similar  hgure! 

Obviously,  close  tolerances  are  essential  on 
many  applications  and  Stackpole  is  producing 
such  resistors  in  tremendous  quantities.  In  other 
cases,  however,  ±20%  resistors  will  prove  en¬ 
tirely  satisfactory,  just  as  they  did  in  approximately 
95%  of  all  civilian  radio  manufacture. 

This  is  especially  true  in  applications  calling  for 
resistors  of  .25  megohms  and  over.  In  these  higher 


ranges,  resistor  tolerances  often  lose  their  relative 
importance— whereas  resistor  manufacturing  diffi¬ 
culties  actually  increase,  even  beyond  the  percent¬ 
ages  previously  mentioned. 

On  higher  value  resistors,  it  is  also  well  to  con¬ 
sider  the  use  of  lower  wattage  units  which  are  just 
as  satisfactory  and,  at  present,  are  more  readily 
obtainable. 

As  the  largest  manufacturer  of  carbon  resistors, 
Stackpole  will  cooperate  to  the  hilt  in  meeting  any 
war  demands.  It  will  help  us  to  help  you,  however, 
if  care  is  taken  when  ordering  resistors  to  avoid 
specifying  any  closer  tolerance  or  higher  wattage 
rating  than  is  actually  required. 

Stackpole  Carbon  Company,  St.  Marys,  Pa. 


Sold  to  manufacturers  only —  Catalog  and  samples  on  request. 


SWITCHES 

S/itie  operated  (either  indexed  or  momen¬ 
tary  contact  type)  —  Rotary  Index  and 
Toggle  types. 


RESISTORS 

(Fixed  or  Variable) 

Carbon  composition  resistors,  fixed  types  up 
to  4  watts— Variables  in  4  different  types. 


Molded  from  metallic  powders  in  a  wide 
variety  of  gradesand  sizes  for  use  at  frequen¬ 
cies  as  high  as  I  SO- 175  meg. 


STACKPOLE  FOR  CARBON  —  brushes  (all  types  for  all  rotating  machines)  —  CONTACTS  (all  carbon,  graphite,  metal  and 
composition  types  —  also  molded  rare  metal  contacts)  —  ANODES  —  ELECTRODES  —  BRAZING  BLOCKS  —  BEARINGS  —  WELDING 
RODS,  ELECTRODES  AND  PLATES  —  PIPE  —  PACKING,  PISTON  AND  SEAL  RINGS  —  RHEOSTAT  PLATES  AND  DISCS  — BRAKE  LINING,  etc. 
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NEWS  OF  THE  INDUSTRY 


amplifier  which  drives  a  motor  to  re¬ 
store  the  tap  on  the  potentiometer  to 
the  appropriate  position.  When  the 
appropriate  null  indication  is  obtained, 
the  correct  relative  temperature  is  au¬ 
tomatically  recorded  on  a  continuous 
chart.  This  is  the  essential  method  of 
operation  for  making  one  temperature 
reading. 

For  making  additional  temperature 
readings,  a  switching  arrangement  is 
used  to  introduce  any  of  the  remaining 
thermocouples  into  the  electrical  sys¬ 
tem.  The  switching  arrangement  for 
selecting  the  appropriate  thermocouple 
is  synchronized  with  the  recording 
mechanism  so  that  when  a  null  or  bal¬ 
anced  condition  obtains  for  each  ther¬ 
mocouple  in  the  test,  its  appropriate 
temperature  is  automatically  printed 
on  the  chart  paper. 

Features  of  particular  interest  to 
readers  of  Electronics  in  the  new  de¬ 
vice  are  the  replacement  of  the  usual 
ancing  electronic  potentiometer  which  type  of  galvanometer  by  an  electronic 
completely  eliminates  the  mechanical  amplifier,  null  indicator,  and  motor 
galvanometers  which  have  been  used  driving  system  which  makes  it  possible 
extensively  in  industrial  equipment  for  to  use  the  instrument  in  the  severe  con- 
the  measurement  of  temperature.  As  ditions  of  temperature,  humidity,  and 
applied  to  the  measurement  of  tern-  vibration  which  is  encountered  in  air- 
perature,  the  relative  temperature  of  plane  flying.  The  stability  of  the  elec- 
any  designated  point  on  the  plane  is  tronic  system  also  gives  the  instrument 
determined  by  means  of  thermocouples  its  big  advantage  of  making  the  many 
located  at  the  strategic  points.  The  recorded  readings.  If  all  144  thermo¬ 
difference  in  temperature  between  the  couples  are  employed,  it  is  possible  to 
two  ends  of  the  thermocouple  produces  get  a  reading  of  each  individual  ther- 
an  electromotive  force  across  its  ter-  mocouple  at  an  interval  of  approxi- 
minals.  The  voltage  across  a  potentio-  mately  three  minutes.  If  fewer  thermo¬ 
meter  equal  to  the  thermocouple  vol-  couples  are  used,  it  is  of  course  possi- 
tage  is  then  selected  by  motor-driven  ble  to  obtain  readings  of  any  one  of  the 
mechanical  means.  Ordinarily,  equality  group  in  a  smaller  time  interval.  An 
of  voltages  in  the  two  cases  is  indi-  additional  feature  which  results  from 
cated  by  0  current  which  in  turn  is  the  improved  design  is  that  the  instru- 
measured  by  a  galvanometer.  In  the  ment  can  measure  to  better  than  one 
electronic  flight  recorder,  the  galvano-  degree  Fahrenheit,  whereas  tempera- 
meter  is  replaced  by  a  multi-stage  ture  meters  formerly  used  and  visually 


Electronic  flight  recorder  developed  by 
Brown  Instrument  Co.,  E  Awards  to 
members  of  electronic  industry,  Army- 
Navy  Preferred  List  of  tubes.  General 
Electric  trains  women  as  electrical  engi¬ 
neers,  FM  news 


Electronic  Temperature  Re¬ 
corder  Contributes  to  Aviation 
Developments 

At  a  lecture  and  demonstration  in 
Philadelphia  on  October  1,  a  new  elec¬ 
tronic  instrument,  capable  of  recording 
temperature  and  pressure  changes  at 
the  rate  of  144  readings  every  three  to 
four  minutes  was  shown  by  the  Brown 
Instrument  Company,  subsidiary  of  the 
Minneapolis-Honeywell  Regulator  Com¬ 
pany.  This  portable  instrument,  used 
primarily  as  a  flight  recorder  in  the 
testing  and  development  of  America’s 
newest  airplanes,  is  now  in  regular  use 
by  the  Army,  Navy  and  leading  air¬ 
plane  manufacturers.  The  instrument 
records  as  many  as  144  different  read¬ 
ings  throughout  various  parts  of  the 
plane  and  automatically  prints  a 
record  on  graph  paper  at  the  rate  of 
about  one  reading  approximately  every 
second.  As  applied  to  the  test  flight  of 
airplanes,  most  of  the  measurements 
are  those  of  temperature,  although  the 
instrument  is  capable  of  recording  any 
physical  phenomena  which  can  be  trans¬ 
formed  into  a  change  of  voltage  or 
current. 

In  the  development  of  aircraft,  the 
device  is  of  importance  in  so  far  as  it 
relieves  the  pilot  of  making  test  read¬ 
ings  while  he  is  engaged  simultan¬ 
eously  in  the  operation  of  the  plane. 
Accordingly,  with  an  instrument  of 
this  type  installed  in  the  plane,  read¬ 
ings  will  be  made  regularly  and  auto- 
niatically  and  the  pilot  may  devote  his 
entire  attention  to  the  proper  manipu¬ 
lation  of  the  airplane  controls.  Another 
advantage  of  the  flight  recorder  is  that 
many  more  readings  may  be  obtained 
in  a  given  time  interval  so  that  much 
more  complete  and  detailed  informa¬ 
tion  of  the  flight  is  available  than  has 
heretofore  been  the  case  where  readings 
were  recorded  manually. 

The  basic  recorder,  which  is  the  re¬ 
sult  of  several  years  of  research,  was 
in  the  process  of  development  for  use 
in  industrial  plants  when  the  need 
arose  for  some  new  type  of  instrument 
capable  of  compiling  test  data  on  the 
Douglas  B-19,  the  world’s  largest  plane. 
To  meet  this  emergency,  a  corps  of 
electronic  and  mechanical  design  en¬ 
gineers  went  to  work  in  the  Brown 
laboratories  and  adapted  the  experi¬ 
mental  recorder  in  the  process  of  de- 


Lieut.  William  C.  Clay.  U.  S.  N.  and  E.  B.  Evleth,  vice  president  and  general 
manager  of  the  Brown  Instrument  Co.  inspect  the  newly  developed  Flight 
Recorder.  This  instrument  automatically  records  as  many  as  144  different 
readings  every  three  to  four  minutes  and  provides  a  complete  and  accurate 
record  of  an  airplane's  performance  while  permitting  the  test  pilot  to 
concentrate  on  flying  the  plane 
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For  prompt  attention,  please  direct  your 
inquiries  to  Engineering  Department: 


This  AMCOIL  Test  Chamber  Assures  Accu¬ 
rate  Results  L’futer  Low  or  High  Temperatures 


trol  assures  accuracy,  helps  maintain  uniformity 
of  temperature.  This  cabinet  without  production 
load  should  reach  minus  50  degrees  C.  in  approxi¬ 
mately  one  hour. 

Put  your  precision  instrument  testing  problems 
up  to  Amcoil  engineers.  Ask  for  further  informa¬ 
tion  and  technical  data  regarding  the  RTC-1,  as 
well  as  additional  models  for  refrigeration-,  dry 
ice-  and  altitude-testing. 

Many  precision  instruments  must  serve  equally  well 
today  in  substratosphere  temperatures  or  desert  heat. 


Here  is  a  completely  automatic 
test  chamber  for  makers  of  precision  instruments. 
Here  is  a  way  to  give  delicate  mechanisms  scien¬ 
tifically-created  "previews”  of  performance  con¬ 
ditions.  The  Amcoil  Model  RTC-1  is  an  all-steel 
test  chamber  combining  mechanical  refrigeration 
and  electric  heating. 

Entire  operation  is  accurately  controlled  from 
front  panel  board.  Five  thicknesses  of  glass  per¬ 
mit  observation  of  instruments  under  test.  Interior 
content  is  28.7  cubic  feet. 

The  temperature  range  extends  from  minus  55 
degrees  C.  to  plus  70  degrees  C.  Thermostatic  con¬ 


observed  could  not  be  depended  upon  to 
temperatures  closer  than  about  10  de¬ 
crees  Fahrenheit. 

The  flight  recorder  consists  of  two 
portable  cases  in  addition  to  the  indi¬ 
vidual  thermocouples  which  are  dis¬ 
tributed  as  the  test  data  requires 
throughout  the  plane.  The  two  instru¬ 
ments  contained  in  boxes  about  the  size 
of  a  small  suitcase  hold  the  electronic 
amplifier  and  recorder  in  one  case  and 
the  synchronized  switching  arrange¬ 
ment  for  the  144  thermocouples  in  a 
bakelite  housing.  The  complete  in¬ 
stallation  weighs  128  pounds  of  which 
53  pounds  are  assigned  to  the  recorder 
mechanism  itself.  The  recorder  uses 
15  feet  of  chart  paper  per  hour,  which 
is  enough  for  a  flight  lasting  eight 
hours. 


General  Electrie  Trains 
Women  as  Eleetrieal  Engineers 

On  the  strength  of  results  achieved 
by  a  test  group  of  40  women  hired  for 
electrical  engineering  work,  the  Gen¬ 
eral  Electric  Co.  will  hire  more  than  a 
hundred  more.  The  girls  have  had 
training  in  physics  and  mathematics, 
and  are  given  additional  laboratory  and 
classroom  instruction  by  GE  to  help 
bridge  the  gap  between  their  college 
education  and  the  work  of  electrical 
engineers. 


EM  News 


In  line  with  the  policy  of  conserva¬ 
tion  of  equipment  by  radio  broad¬ 
casters,  the  management  of  station 
\V47NY  investigated  the  possibilities 
of  changing  the  morning  sign-on  time 
from  7:30  to  noon.  Fifteen  announce¬ 
ments  were  broadcast  asking  the  sta¬ 
tion’s  audience  what  it  thought  about 
the  pi'oposal.  In  a  short  time  more  than 
200  telephone  calls,  letters,  and  post¬ 
cards  were  received  protesting  the 
change  in  hours.  Considering  that  the 
response  from  the  audience  was  from 
about  5  percent  of  the  total,  W47NY 
therefore  has  about  4000  morning  list¬ 
eners.  This  reaction  was  considered 
sufficient  to  justify  the  full  day  pro¬ 
gram  and  the  station  is  still  heard  from 
7:30  a.m.  to  11:00  p.m. 

FM  listeners  in  Boston  and  Pitts¬ 
burgh  will  soon  be  getting  better  serv¬ 
ice  from  stations  W67B  and  W75P,  re¬ 
spectively,  when  the  heights  of  the 
antennas  for  these  stations  are  in¬ 
creased  by  several  times.  The  radiator 
for  W67B  is  to  be  located  atop  the  500- 
foot  antenna  tower  of  station  WBZ  and 
that  of  W75P  will  be  placed  at  the  top 
of  KDKA’s  718-foot  tower.  At  present 
the  two  FM  antennas  are  mounted  on 
90-foot  wooden  poles. 

New  York  City  will  have  its  eighth 
FM  station  in  operation  on  or  about 
November  1.  It  will  be  W75NY  to  be 
operated  by  Metropolitan  Television, 
Inc.  It  will  probably  be  the  last  new 
FM  station  in  New  York  until  after  the 
war. 


Lerfect  COMMUNiCATidH^  ttiake  possible  perfect  coordi¬ 
nation  ...  in  today’s  mechanized  warfare  communicatioixs 
are  the  vitally  important  link  that  coordinates  the  move-^ 
ments  of  planes,  ships,  tanks,  and  troops.  The  superior 
performance  qualities  of  THORDARSON  transformers 
aid, the  constant  maintenance  of  good  communications. 
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Honestly  superior  condensers 

0 

tell  their  own  story  of  quality. 

SPRAGUE 

CONDENSERS -KOOLOHM  RESISTORS 

Quality  Component*  •  Expertly  Engineered  •  Competently  Produced 

SPRAGUE  SPECIALTIES  COMPANY,  NORTH  ADAMS,  MASS. 
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E  Awards 


UTAH  RADIO  PRODUCTS  COMPANY 

General  Offices  and  Fa  c  tory 
8  37  ORLEANS  STREET  •  C  H  I  C  A  G  O ,  I  LLI  N  O  I  S 


A  Lot  of  Jock 

for  the  Job  on  Hand! 


U/ai  Open 
Circuit  Jack 


UTAH  VITREOUS  ENAMELED  From  5to  200  waHs.they  are 

available  either  as  fixed — tapped  or  adjustable.  Also  non-inductive  types. 


UTAH  JACK  SWITC H ES—\.onq  and  Short  Frame  and  Imp  Type  Switches  to 
meet  the  circuit  and  space  requirements  you  need. 


UTAH  PHONE  PLUGS — Two  or  three  conductor  types — for  practically  every 
type  of  application. 


UTAH  TRANSFORMERS  are  fully  guaranteed.  Able  to  meet  the  requirements 
in  choke,  input,  output  and  smaller  capacity  power  transformers. 


WRITE  FOR  FULL  DETAILS 


The  radio  and  electronic  industries 
and  their  suppliers  are  well  repre¬ 
sented  in  the  group  of  companies  which 
have  won  the  Army-Navy  E  Award  for 
high  achievement  in  the  production  of 
war  equipment.  The  following  list  of 
these  organizations  is  reasonably  com¬ 
plete  as  of  press  time  and  as  additional 
companies  receive  the  award  they  will 
be  mentioned  in  these  columns. 

American  Brake  Shoe  &  Foundry  Co. 

Chicago,  Ill. 

American  Lava  Corp. 

Chattanooga,  Tenn. 

Bell  Telephone  Laboratmhes 
New  York,  N.  Y. 

Bendix  Aviation  Corp. 

(Bendix  Radio  Division) 

Baltimore,  Md. 

Bendix  Aviation  Corp. 

(Eclipse  Machine  Division) 

Elmira  Heights,  N.  Y. 

Blaw-Knox  Co. 

Pittsburgh,  Pa. 

Collins  Radio  Co. 

Cedar  Rapids,  Iowa 
Corbin  Screw  Corp. 

New  Britain,  Conn. 

E.  I.  Du  Pont  de  Nemours 
(Neoprene  Plant) 

Deepwater,  N.  J. 

Eitel-McCullogh,  Inc. 

San  Bruno,  Calif. 

Galvin  Manufacturing  Co. 

Chicago,  Ill. 

Hallicrafters  Co. 

Chicago,  Ill. 

Handy  &  Harman 
Fairfield,  Conn. 

International  Resistance  Co. 

Philadelphia,  Pa. 

Leeds  &  Northrup  Co. 

Philadelphia,  Pa. 

Linde  Air  Products  Co. 

East  Chicago,  Ill. 

National  Carbon  Co. 

Clarksburg,  W.  Va. 

Philco  Corp. 

Philadelphia,  Pa. 

RCA  Manufacturing  Co. 

(Radiotron  Division) 

Harrison,  N.  J. 

Simplex  Wire  &  Cable  Co. 

Cambridge,  Mass. 

Sperry  Gyroscope  Co.,  Inc. 

(Five  Plants) 

Veeder-Root,  Inc. 

Hartford,  Conn. 

Ward  Leonard  Electric  Co. 

Mount  Vernon,  N.  Y. 

Western  Electric  Co. 

(Hawthorne  Works) 

Chicago,  Ill. 

Western  Electric  Co. 

New  York,  N.  Y, 


A 


2  strong,  tough  alloys 
non-magnetic  down  to  150“  F.  below... 


Unusual  characteristics  of  these  two  Alloys 
increase  their  range  of  usefulness 

Well-known  properties  of  age-hardenable  “K”*  and  “KR”* 
Monel  are  strength  and  hardness  equal  to  that  of  some  heat- 
treated  alloy  steels.  Lesser  known  hut  also  important  are 
two  other  characteristics  exhibited  by  these  metals: 

1.  “K”  and  “KR”  Monel  remain  non-magnetic  in  all  condi¬ 
tions,  at  temperatures  far  below  those  encountered  in 
actual  service. 

2.  “K”  and  “KR”  Monel  retain  room  temperature  ductility 
and  toughness  at  sub-zero  temperatures. 

For  these  reasons,  in  addition  to  their  usual  applications. 
“K”  and  “KR”  Monel  are  used  where  magnetic  disturbances 


MAGNETIC  PERMEABILITY  AND  CURIE  POINT  1 

OF  "K'*  MONEL  AND  'KR'  MONEL  | 

_  1 

Condition 

Permeability  at 
room  temperature 

H  =  200  oersteds 
(air  =  1.02  max.) 

Magnetic 

T  ransformation 
Temperature 
( permeability 
of  1.02“  F.) 

Soft  (quenched)  .... 

1.001 

-200 

Quench  and  age- 

hardened  . 

1.002 

-150 

Cold-drawn . 

1.001 

-200 

Cold-drawn  and  age- 

hardened  . 

1.002 

-150 

must  be  avoided  or  eddy  currents  minimized  ...  as  in  mag¬ 
netic  surveying  equipment  and  important  applications  in 
aircraft  structures  and  instruments. 

THE  INTERNATIONAL  NICKEL  COMPANY.  INC..  67  Wall  Street.  New  York.  N.  Y. 


y4i<0Ntl\ 


*'  Monel**  and  other 
tncle-inarks  which 
have  an  aateriak  aa* 
aociatad  with  them 
are  trade-marks  of 
The  Internationa)  Nickel  Co..  Inc. 


MECHANICAL  PROPERTIES  AT  LOW  TEMPERATURES 
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"K"  MONEL 

Cold-drawn  age- 

hardened . 

Cold-<lrawn  age- 
hardenerl . 

Room 

-110 

125,900 

134,600 

157,300 

171, 5.50 

15.5 

17.3 

37.4 

41.1 

33 

36 

INCO  NICKEL  ALLOYS 
IN  THE  WAR  EFFORT 

^Vilh  the  Nation  at  war.  every 
liouml  of  Nickel.  Monel  an<l  In¬ 
conel  that  expanded  facilities  can 
produce  is  urgently  neetled  for 
vessels  of  the  Navy,  mechanical 
and  chemical  equipment  for  the 
Army,  vital  parts  of  Aircraft, 
and  for  Chemical.  Petroleum. 
Steel  and  other  essential  indus¬ 
tries.  As  part  of  the  all-out  war 
effort  the  International  Nickel 
Company  will  continue  to  report 
for  the  benefit  of  such  users  in¬ 
formation  concerning  the  selec¬ 
tion.  fabrication  and  use  of  Nickel 
and  Nickel  •\lloys. 


*  *  INCO  NICKEL  ALLOYS  ‘  * 

MONa  •  “K”  MONEL  •  “S”  MONEL  •  “R”  MONEL  •  “KR”  MONEL  •  INCONEL  •  NICKa  •  "Z”  NICKEL 

Sheet ...  Strip ...  Rod ...  Tubing ...  Wire  ...  Castings 
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MAN  OF  ALL  WORK 


THE  PERKIN -ELMER  CORPORATION 


GLENBROOK,  CONNECTICUT 


MANUFACTURERS  OF  PRECISION  LENSES  .  PRISMS  and  MIRRORS 


OPTICAL  DESIGN  AND  CONSULTATION 


Westinghouse  Electric  &  Manufac¬ 
turing  Co. 

(Five  Plants) 

Weston  Electrical  Instrument 
Newark,  N.  J. 


Jolliffe  Named  Vice  President 
of  RCA 

Dr.  Charles  B.  Jolliffe,  assistant  to 
the  president  of  the  Radio  Corporation 
of  America  and  chief  engineer  of  the 
RCA  Laboratories,  has  been  appointed 
vice  president  and  chief  engineer  of  the 
RCA  Manufacturing  Co. 


Army-Navy  Preferred  Tubes 

The  accompanying  Army-Navy  Pre¬ 
ferred  List  of  Vacuum  Tubes  sets  up  a 
group  of  unclassified  general  purpose 
tubes  selected  jointly,  by  the  Signal 
Corps  and  the  Bureau  of  Ships.  The 
purpose  of  this  list  is  to  effect  an 
eventual  reduction  in  the  variety  of 
tubes  used  in  Service  equipment.  It  is 
mandatory  that  all  unclassified  tubes  to 
be  used  in  all  future  designs  of  new 
equipment  under  the  jurisdiction  of  the 
Signal  Corps  Laboratories  or  the  Radio 
and  Sound  Branch  of  the  Bureau  of 
Ships  be  chosen  from  this  list.  Certain 
exceptions  to  this  ruling  may  be  made 
upon  application  and  approval. 


RECEIVING  TYPES 

Filament  Voltage — 1.4  v 

Diode — 1A3 
Diode-Triode — 1LH4 
Triodes— 1G4GT,  957,  958A 
Twin  Triodes — 1291,  3A5 
Pentodes 

Remote  Cutoff — 1T4 
Sharp  Cutoff— 1S5,  959,  1LN5,  1L4 
Converters — 1LC6,  1R5 
Power  Amplifiers — 3A4,  1299,  3Q4, 
3Q5GT 

Indicator — 991 


play  an  important  role  in  a  textile  plant,  a  paint  factory,  the 
building  of  houses,  or  the  discovery  of  defects  in  boiler  tubes.? 
These  are  but  a  few  of  the  hundreds  of  assignments  which 
Perkin-Elmer  engineers  have  brought  to  a  successful  conclusion. 

Today  we  are  doing  our  bit  for  Uncle  Sam.  Precision  manu¬ 
facture  of  optical  instruments  and  systems  for  Army  and  Navy 
needs  has  our  whole  attention.  When  Victory  is  won,  the 
development  and  manufacture  of  new  measuring  devices,  new 
control  of  industrial  processes,  new  tools  for  research  scientists, 
all  will  become  of  even  greater  importance  than  ever  before. 
Then  The  Perkin-Elmer  Corporation  will  stand  ready  to  serve 
science  and  industry  again,  through  the  science  of  optics. 

If  you  are  already  thinking  ahead  to  post  war  necessities, 
you  may  want  to  know  more  about  how  optical  engineers 
could  be  of  service  in  your  business.  If  so,  we  shall  welcome 
your  letter. 


Filament  Voltage — 5.0  v 

Rectifiers— 5U4G,  5Y3GT 


Filament  Voltage — 6.3  v 

Diodes— 6H6*,  9004 
Diode-Triodes— 6SQ7*,  6SR7* 
Triodes— 6J5*,  1201,  955,  7193,  9002 
Twin  Triodes— 6SL7GT,  6SN7GT 
Pentodes 

Remote  Cutoff — 6SG7*,  6SK7*,  956, 

9003 

Sharp  Cutoff— 6AC7*,  6AG7*, 

6SH7*,  6SJ7*,  717A,  954,  9001 
Rectifiers— 6X5GT,  1005 
Converter — 6SA7* 

Power  Amplifiers — 6L6G,  6V6GT, 
6N7GT,  6B4G,  6G6G,  6Y6G 
Indicator — 6E5 
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Today,  li  years  later,  the  U.  S.  Army 
Signal  Corps  is  delivering  “Messages 
to  Garcia”  in  a  matter  of  split  sec¬ 
onds  as  a  matter  of  simple  routine. 
But  the  tradition  of  high  achieve¬ 
ment  remains  symbolic  of  the  U.  S. 
Army  Signal  Corps.  Now  they  daily 
accomplish  feats  of  epic  proportions 
with  the  use  of  modern  communica¬ 
tions  equipment.  Jensen  is  proud  to 
have  contributed  to  the  design  and 
production  of  some  of  this  equipment. 


ienden 

mPsKccH  ttniomm 

^^^6601  SOUTH  LARAMIK,  CIIICAC;0 

SPECIALISTS  IN  ACOUSTIC  RESEARCH  AND 
PRODUCTION  FOR  MILITARY  ADAPTATIONS 
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ALLEN  B.  DU  MONT 
LABORATORIES,  Inc. 

Passaic  *  New  Jersey 

Coble  Addr»s%  Weipe./in,  Now  Vorli 


Filament  Voltage — 12.6  v 

Diode— 12H6* 

Diode-Triodes — 12SQ7*,  12SR7''' 
Triode— 12J5GT 

Twin  Triodes— 12SL7GT,  12SN7GT 
Pentodes 

Remote  Cutoff— 12SG7*,  12SK7* 
Sharp  Cutoff— 12SH7*,  12SJ7* 
Converter — 12SA7* 

Power  Amplifier — 12A6 
Indicator — 1629 


TRANSMITTING  TYPES 

Triodes— 801A,  811,  826,  833A,  838, 
1626,  8006,  8025,  304TH 
Tetrodes— 807,  813,  814,  1625 
Twin  Tetrodes — 815,  829,  832 
Pentodes — 803,  837,  2E22 
Rectifiers 

Vacuum-2X2,  836,  1616,  8020  (451), 
705A,  371A 

Gas— 83,  866A,  872A,  4B25 


'it  In  aizcrait  plants,  engine  shops,  powder  worics. 
ballistic  laboratories,  radio,  electrical  and  other 
plants:  in  research  laboratories  and  engineering 
departments  shap>ing  the  weapons  cmd  tools  oi  today 
and  tomorrow;  on  the  fighting  fronts  cdloot  and 
ashore — yes.  in  every  phase  of  this  great  Battle  for 
Democracy.  DuMont  Ccrthode>Ray  Os^ographs  are 
in  the  service. 

For  the  most  part  standard  type  DuMont  Oscillo- 
graphs  are  employed.  An  adequate  selection  of 
standard  types  meets  the  wide  range  of  require¬ 
ments.  But  for  the  highly  specialized  needs  arising 
out  of  the  drastic  industrial  and  military  demands 
of  the  war.  special  models  ore  constantly  being 
developed  and  built  Regardless  of  the  need,  a 
DuMont  Cothode-Roy  Oscillograph  or  related  instru¬ 
ment  is  available. 


MISCELLANEOUS  TYPES 

Grid  Controlled  Gas  Rectifiers — 2050, 
884,  394A,  CIB,  C5B 
Voltage  Regulators — VR-90-30,  VR- 
105-30  (38205),  VR-150-30  (38250) 
Phototubes — 918,  927 
♦Where  interchangeability  is  assured 
GT  counterparts  of  the  preferred  metal 
tubes  may  be  used. 


Write  for  Literature 


Plastic  Manufacturers  Pool 
Facilities 


A  NUMBER  OF  PLASTICS  companies  in 
the  New  York  area  have  formed  the 
Plastic  War  Production  Association  to 
pool  the  engineering,  research,  and 
manufacturing  facilities  for  the  bene¬ 
fit  of  the  various  government  branches 
placing  war  contracts.  The  new  organ¬ 
izations  has  been  certified  by  the  WPB 
“as  a  war  production  association  ap¬ 
propriate  in  form  and  character  to  the 
fulfillment  of  the  objectives  of  the  War 
Production  Board.”  The  certification 
has  been  formally  approved  by  the 
Attorney-General.  Mr.  Murray  Frankl 
is  the  authorized  contacting  officer  of 
PWPA  and  has  his  office  at  122  East 
42nd  St.,  New  York. 


DuMont  Dactronic  SwUch 
kr  pioetaig  two 
■iBullanoottB  kQnols 
on  singk  tubs  wioon. 


DuMont  Low-FinqunneT 
Unoor-TImo^aM  Gonorotor. 
ptOTidinq  »woop»  os  low  on 
1  CTcIo  OTory  kw  lornnHi 


Charles  E.  Wilsou,  GE 
Presicleiil,  Joius  WPB 

Charles  E.  Wilson,  president  of  the 
General  Electric  Co.,  has  been  made  a 
vice  chairman  of  the  War  Production 
Board.  He  also  serves  as  Chairman  of 
the  Production  Executive  Committee 
and  will  exercise  the  powers  of  the 
Chairman  of  the  War  Production  Board 
in  seeing  to  it  that  all  production  pro¬ 
grams  are  met.  The  Production  Exec¬ 
utive  Committee  has  been  formed  to 
bring  together  top  officials  in  the  WPB, 
the  Army,  the  Army  Air  Corps,  the 
Navy,  and  the  Maritime  Commission  to 
maintain  a  constant  check  and  control 
on  the  production  program.  This  com¬ 
mittee  will  meet  twice  weekly.  Serving 
with  Mr.  Wilson  on  this  committee  are 
Lieut.  Gen.  Brehon  B.  Somervell,  Com- 


DuMont  Cotfiod*-llaT  Tubas 
bom  r  k  2(r.  Caiolcs 
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A.  W.  FRANKLIN  M  F  G,  C  O  R  P. 

175  VARICK  STREET  ....  NEW  YORK,  N.  Y. 

Sockets  *  Terminal  Strips  *  Plugs  *  Switches  *  Plastics  Fabrication  *  Metal  Stampings  •  Assemblies 


•  Illustrated  are  a  few  of  the  parts  which  we  are  now  making  in  large  quantities  for 
many  leading  manufacturers  of  radio,  electrical,  aircraft  and  electronic  equipment  and  in¬ 
struments.  Our  complete  tool  room  and  manufacturing  facilities  assure  you  prompt  service  on 
deliveries.  Our  skilled  engineers  — who  understand  Army,  Navy  and  Signal  Corps  specifica¬ 
tions --are  available  to  discuss  your  design  problems.  Quotations  made  promptly  from  your 
blueprints.  Check  your  requirements  with  us.  We  may  be  already  tooled  up  to  make  the 
components  you  need. 


i' 
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mdtl  205  AG 
Audio  Signal  Gtne^lor 


This  trade  mark 
is  your  guarantee^  of 

SPEED  •E^ONOP 

in  faboratory  and  produrtion 
measurements^ 


If- 


designed  to  operate  with  the  mini- 
mum  of  adjustments.  Thus  greater 
speed  without  sacrifice  of  accuracy  is  obtained. 


.^^INSTRUMENTS  are  as  revolutionary 
'^^■as  the  one  dial  radio.  They  are 


SIMPLICITY  IS  THE  KEYNOTE 


Model  200  B 

Resistance  Tuned  Audio  Oscillator 


Variable  frequency,  audio  frequency  oscillators 
require  no  zero  setting.  Vacuum  tube  voltmeter 
as  simple  to  operate  as  a  multi -range  d-c  in¬ 
strument.  Many  types  of  instruments  available 
separately  or  combinations  in  a  single  unit  to 
fit  your  requirements  such  as  the  Model  205 
AG  which  combines  a  resistance  tuned  audio 
oscillator,  input  meter,  attenuator  and  impe- 
dence  matching  system.  Illustrated  are  four 
-hp-  instruments. 

GET  COMPLETE  INFORMATION  NOW  I 

IT'rt/e  today  for  technical  data  sheets.  Give  details 
of  your  problem  so  that  our  engineers  can  be  of  help. 
There  is  no  cost  or  obligation. 

HEWLEH-PACKARD  COMPANY 

Box  135K,  Stofion  A  Polo  Alto,  California 


Model 

Noise  and  Distortion  Analyzer 


Model  400  A 
Vacuum  Tube  Voltmeter 


manding  General,  Services  of  Supply, 
U.  S.  Army;  Major  Gen.  Oliver  P. 
Echols,  Commanding  General,  Material 
Command,  Headquarters,  Army  Air 
Force;  Vice  Admiral  Samuel  M.  Robin¬ 
son,  Director  of  Material  and  Procure¬ 
ment,  U.  S.  Navy;  and  Rear  Admiral 
Howard  L.  Vickery,  Vice  Chairman, 
U.  S.  Maritime  Commission. 


Priority  Assistance  for  Radio 
Repair  Shops 

Priority  assistance  in  the  purchase 
of  repair-shop  materials  for  the  main¬ 
tenance  of  home  radios  may  be  applied 
for  on  Form  PD-IX  by  distributers 
and  dealers  who  buy  directly  from 
manufacturers  according  to  Linford  D. 
White,  chief  of  the  WPB’s  Distribution 
Branch.  These  preference  ratings  will 
be  assigned  only  to  items  necessary  to 
the  functioning  of  receivers.  No  fancy, 
non-essential  radio  gadgets  and  no 
phonograph  parts  will  be  rated  on 
Form  PD-IX. 


FCC  Ceases  to  Issue  Licenses 
to  Amateurs 

Order  No.  87-B  of  the  Federal  Com¬ 
munications  Commission  orders  that 
no  renewed,  or  modified  amateur  li¬ 
censes  shall  be  issued  until  further 
order  of  the  Commission.  It  is  pro¬ 
vided,  however,  that  all  presently  out¬ 
standing  amateur  station  licenses  shall 
remain  valid  until  expiration  of  the 
term  thereof,  unless  revoked  by  specific 
order. 


Electron  Microscope  and  Cy¬ 
clotron  to  be  Featured  at  the 
National  Chemical  Exposition 

The  first  symposium  on  the  Electron 
Microscope,  in  which  the  users  of  all 
instruments  in  commercial  use  (esti¬ 
mated  at  more  than  40)  have  been 
invited  to  participate,  will  be  held  at 
the  National  Chemical  Exposition  and 
Industrial  Chemical  Conference  at  the 
Hotel  Sherman  in  Chicago  on  Novem¬ 
ber  24  to  29.  The  Symposium  com¬ 
mittee  is  headed  by  Prof.  G.  L.  Clark 
of  the  University  of  Illinois.  The 
meeting  is  set  for  Friday  morning, 
November  27,  with  arrangements  for 
continuing  the  session  on  Saturday  and 
Sunday  if  necessary. 

Preceding  the  Symposium  there  will 
be  a  talk  on  Thursday  evening  by  Dr. 
V.  K.  Zworykin,  associate  director  of 
the.  RCA  Laboratories,  on  “The  Elec¬ 
tron  Microscope  in  Relation  to  Chemi¬ 
cal  Research.”  Also,  there  will  be  a 
gallery  of  some  of  the  best  micrographs 
obtained  with  the  electron  microscope. 

Also  on  the  program  for  Friday 
evening  is  a  paper  by  P.  Gerald 
Kruger,  Department  of  Physics,  Uni¬ 
versity  of  Illinois,  on  “The  Cyclotron 
and  Its  Uses  in  Research.” 
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vital  radio  instructions  "in  the  air"! 


rpuE  ihiuuler  of  fijrhling  machines 
X  makes  a  battlefield  the  noisiest  place 
on  earth.  ^  et  there's  one  noise  that 
must  he  excluded  —  the  noise  of  Man 
Made  Static! 

\  ou've  often  heard  Man  Made  Static 
in  your  own  radio.  Then  it's  merely  a 
nuisance.  Hut  in  battle,  when  urgent 
radio  instructions  are  being  short- 
waved  t(»  mechanized  forces,  think  of 
the  havttc  radio  interference  could  play 
in  distorting  headquarter  commands! 

It  Was  a  Problem  —  Now  It's  Solved 
TOBE  engineers  heat  this  radio  inter¬ 
ference  j)rohlem  just  as  they  have  con¬ 
quered  thousands  of  similar  ones  dur¬ 
ing  the  last  15  years.  As  unquestioned 
leaders  in  the  field,  they  designed  a 
compai  t  TOBE  FII.TERETTE  that  blots 
out  virtuallv  all  the  noise  that  balked 


our  radio-equi|)ped  Army  vehicles.  For 
example,  TOBE  FILTEKETTES  are  now 
found  on  the  powerful  new  “half-tracks” 
as  well  as  Tanks,  Jeeps,  Command 
Cars,  \\  capons  C.arriers.  etc.  They're 
integrated  as  part  of  the  ignition  sys¬ 
tem,  so  they  suppress  static  interfer¬ 
ence  at  its  source. 


rijteen  years  of  researrh  by 
Tobe  has  perfectetl  the  modern 
lobe  Filterette  —  a  small,  com¬ 
pact.  inexpensive  unit  for  static 
suf>pression.  Its  successful  oper¬ 
ation  is  assured  by  the  famous 
Tobe  Capacitor  -  the  capacitor 
of  the  future! 


when  Peace  Returns 
After  the  war.  widespread  use  of  high 
frequencies  in  improved  radio  and  tele¬ 
vision  reception  will  make  Man  Made 
Static  a  greater  prcdtlem  than  ever.  Hut 
Tobe  has  already  written  the  formula 
for  your  enjo\ment  of  noise-free  radio 
operation  in  your  home  and  auto, 
aboard  )our  boat.  To  radio  interfer¬ 
ence  caused  1)\  virtually  any  electrical 
device,  you  can  sa\.  “Ao  .\oise  Please! 
Thanks  to  Tobe  Filterettes!'’ 


'VIASS^C."' 
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3  watts.  It  is  of  the  hysteresis  type  and 
can  be  furnished  for  110  or  220  volts 
and  for  any  commercial  frequency. 
Contacts  are  of  pure  silver  and  are 
rated  at  1  amp  at  110  volts  alternating 
current.  The  duration  of  impulse  is 
one-fifth  of  a  second,  but  it  can  be  ad¬ 
justed  if  necessary. 

The  R.  W.  Cramer  Co.,  Inc.,  Center- 
brook,  Conn. 


NEW  PRODUCTS 


Month  after  month,  manufacturers^  de¬ 
velop  new  materials,  new  components, 
new  measuring  equipment ;  issue  new 
technical  bulletins,  new  catalogs.  Each 
month  descriptions  of  these  new  items 
will  be  found  here 


Ionization  Gauge  Meter 

Type  HG-200,  portable,  ionization 
gauge  meter  is  designed  to  operate  in 
conjunction  with  the  manufacturers 
ionization  gauge  meter.  Type  VG-1,  to 
C  and  can  maintain  the  temperature  provide  a  method  of  measuring  pres¬ 
at  any  level  so  that  actual  service  con-  sures  from  10'*  to  10'*  mm  of  mercury, 
ditions  may  be  created.  The  instrument  The  ionization  gauge  meter  circuit 
is  completely  automatic  and  the  entire  features  a  stabilized  amplifier  in  a 
operation  of  the  instrument  is  con-  balanced  vacuum  tube  of  voltmeter  de- 
trolled  from  the  front  panel  board,  sign  with  negative  feedback,  and  an 

integral  amplifier  recalibration  for 
elimination  of  amplifier  variation.  Other 
^  variations  in  performance  are  prevented 

n  U  by  gas  tube  voltage  regulation  and 

automatic  grid  current  control. 

To  produce  a  complete  oper- 

a  thrown  to  de-gas 

the  tube,  while 

amplification  the 
standard  value  on  the  single  meter, 
and  the  grid  current  is  set  to  the  cor- 
f  piJRlH  rect  value  where  the  circuit  will  hold 
E|b|B  it  constant.  The  plate  current  can  then 
fl AhH  be  read  directly  from  the  meter  and 
^  ~  converted  to  pressure  readings  with  the 

factor  of  the  ionization  tube.  The 
ionization  gauge.  Type  VG-1,  used  in 
this  arrangement,  has  a  sensitivity  of 
200  microajnperes  per  micron.  The  cir- 
M«»>cAN  co»j  i«  which  is  already  in  use  on  many 


Apparatus  for  mechanical  refrigerating 
and  electrical  heating  is  included.  Ob¬ 
servation  of  instruments  being  tested 
is  provided  by  an  inner  door  with  five 
glasses  sealed  and  dehydrated  against 
future  passage  of  moisture.  The  inner 
glass  is  Tuf-flex  tempered  plated  glass. 
The  visible  opening  is  46  inches  wide  x 
21J  inches  high.  The  steel-framed  door 
has  a  clear  opening  of  51i  x  26i  inches. 
The  usable  interior  of  the  instrument 
is  59  inches  long  x  28  inches  high,  x  30 
inches  deep,  with  an  interior  content 
of  28.7  cubic  feet. 

American  Coils  Inc.,  25  Lexington, 
Newark,  N.  J. 


shooting;  determinations  of  actual  op¬ 
erating  conditions;  or  testing  of  air¬ 
craft  engines  in  flight.  The  instrument 
is  equipped  with  an  aircraft-instrument 
movement  to  provide  resistance  to  vi¬ 
bration.  It  has  a  self-contained  battery 
power  supply.  It  is  avaliable  (marked 
and  calibrated)  for  any  of  the  follow¬ 
ing  scale  ranges:  0-10,000  volts;  0- 
20,000  volts;  0-30,000  volts. 

Publication  GEA-3619  gives  more  de¬ 
tailed  information  on  this  instrument 
which  is  manufactured  by  General 
Electric  Co.,  Schenectady,  N.  Y. 


Testing  Chamber 

Illustrated  below  is  Model  RTC-1 
which  is  a  precision  testing  cabinet 
which  tests  instruments  under  extremes 
of  cold  and  heat.  It  can  produce  what¬ 
ever  temperature  is  desired  between 
minus  55  degrees  C  and  plus  70  degrees 


126 


November  J  942  —  ELECTRONICS 


* 


he 

he 

a 

er, 

)r- 

)ld 

en 

nd 

he 

he 

in 

of 

ir- 


ex- 

is 


A  BETTERMENT  .  .  . 

The  1942  Scouting  Plane  is  more  than  a  substitute  for 
the  Observation  Balloon  of  1 860. 

The  Scouting  Plane  is  an  advancement  ...  a 
BETTERMENT! 

And  likewise  .  .  .  CONTINENTAL- DIAMOND 


binations  that  make  them  ideally  suited  to  meet  many 
of  the  material  problems  of  a  war  or  peace  economy. 

Manufacturers  who  design  to  use  C-D  NON-metallics 
to  the  fullest  measure  of  their  capabilities  will  never  go 
back  to  "Observation  Balloon  Days”  .  .  .  because  they 
will  have  built  into  their  products  NON-metallic  ma¬ 
terials  which  are  as  modern  as  today’s  Scouting  Plane. 

A  booklet  describes  all  FIVE  C-D  NON-metallics. 
Ask  for  GF-13.  Then,  when  you  are  ready  to  get  down 


4.  ■ 


Latching  Relay 

Type  BJU  aircraft  relays  are  avail¬ 
able'  for  either  alternating  or  direct 
current.  These  relays  lock  mechanically 
in  either  position  so  that  only  momen¬ 
tary  current  needs  to  be  applied  to  the 
coils.  Other  features  include:  4  pole 


double  throw  contacts,  maximum  (non- 
inductive)  rating  of  5  amps  per  con- 
i  tact,  weight  7  ounces,  size  HI  x  lit  x  2 
inches.  They  meet  every  Army,  Navy 
j  or  CAA  specifications. 

I  Allied  Control  Co.,  Inc.,  227  Fulton 
St.,  New  York,  N.  Y. 


Where  Angels 
Fear  To  Tread 


Oxford-Tartak  Engineers  are  now 
running  the  gamut  of  war  contracts. 
Almost  overnight,  production  swings 
from  one  intricate  device  to  another' 
more  complicated  complete  set.  Our 
effort  calls  for  versatility— we're  giv¬ 
ing  it  in  Emergency  Time.  Here  are  a 
few  typical  assignments: 

•  Aviation  Radio  Range  Filters 

•  Transformers 

•  Relay  Ceils 

•  Transmitters 

•  Electronic  Equipments  and  Test  Units 

Oxford-Tartak  focilities  are  geared  up  full 
blast  to  take  prime  contracts  and  sub¬ 
contracts.  And  after  the  war  is  over,  we 
will  produce,  from  our  greater  experience, 
a  finer  line  of  popular  priced  equipment. 

NOTE:  For  obtious  reasons  neither  article 
illustrated  is  a  nnv  or  military  det'clopmrnt . 


OXFORD-TARTAK  RADIO  CORP. 

- 3911  S.  Michigan  Ave.,  Chicago,  III. 


Pressed  Steel  Rheostats 

The  manufacturer  has  designed  these 
pressed  steel  rheostats  with  solid  rec¬ 
tangular  contacts  to  provide  a  finer 
degree  of  control,  smoother  operation, 
and  certain  economies  where  inter¬ 
polating  rheostats  would  otherwise  be 
required.  Rectangular  contacts  are 
available  in  small  and  large  sizes: — 
Small  rectangular  contacts  can  be 
furnished  on  13  inch  or  smaller  rheo¬ 


stats.  Large  rectangular  contacts  may 
be  had  on  8  inch  or  larger  rheostats. 
Rheostats  with  rectangular  contacts  are 
available  with  complete  enclosures,  fit¬ 
tings  for  conduit  connections,  motor 
drives,  and  with  accessories  for  floor, 
back-of-board  and  concentric  mounting. 
Fixed  and  adjustable  stops  to  protect 
control  equipment  can  also  be  provided. 
The  accompanying  photo  shows  two 
Vitrohm  field  rheostats.  The  one  on 
the  left  has  large  rectangular  contacts 
while  the  one  on  the  right  has  small 
rectangular  contacts. 

These  and  other  rheostats  are  listed 
in  a  new  16-page  Bulletin  No.  60,  avail¬ 
able  from  Ward  Leonard  Electric  Co., 
Mount  Vernon,  N.  Y. 


November  J942  —  ELECTRONICS 


m 


This  Chart  Saves  Time  .  .  . 


Designing  inductors  for  use  at  radio  frequencies 
takes  time.  Even  when  accurate  formulae  are 
available,  computing  inductance  may  be  tedious. 
Practically  every  radio  engineer  has  to  design 
inductors  occasionally;  many  design  them  con¬ 
tinually. 

To  save  time  in  our  own  laboratories,  we  have 
devised  a  design  chart  for  single  layer  coils  which 
gives  results  to  very  good  accuracy.  It  is  entitled 
“A  Convenient  Inductance  Chart  for  Single-Laver 


Solenoids,’*  and  is  18”  x  22”  overall,  suitable  for 
wall  mounting.  It  is  used  for  determining  the 
number  of  turns  and  the  size  of  wire  to  he  used 
in  order  to  obtain  a  given  inductance  on  a  given 
winding  form.  The  explanation  includes  an 
example.  ‘ 

A  number  of  these  charts  are  available  for 
our  friends.  If  you  can  use  a  copy,  we  shall  he 
glad  to  send  it  on  request.  Ask  for  Inductance 
Chart  No.  799. 


GENERAL  RADIO  COMPANY  •  Cambridge,  Massachusetts 
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HALLCROSS  MFG.  CO 


COLLINGDALE,  P^NA 


Measuring  Device  for 
Extremely  Thin  Pieces 

A  NEW  BALL  MEASURING  anvil  for  use 
on  the  manufacturers  “Comparitor’ 
was  designed  to  speed  up,  simplify  and 
guarantee  accuracy  for  the  measure¬ 
ment  of  thin  work  such  as  quartz  cry¬ 
stals,  laminations,  shims,  extremely 
small  gages,  and  other  flat  work.  Ac¬ 
curate  readings  may  be  obtained  in 
measurements  such  as  0.0001  inch  or 


0.00005  inch.  The  piece  to  be  measured 
is  placed  between  the  flat  feeler  point 
and  the  round  ball  surface  and  accurate 
measurements  can  be  made  regardless 
of  which  part  of  the  thin  piece  under 
inspection  is  being  measured.  All  dan¬ 
ger  of  distorting  or  bending  the  shim 
or  lamination  out  of  size  a  few  ten- 
thousandths  of  an  inch  due  to  measuring 
pressure  of  the  instrument  is  elimi¬ 
nated.  This  measuring  device  may  also 
be  used  to  check  the  flatness  or  paral¬ 
lelism  of  long  thin  pieces  in  all  positions 
and  on  all  parts  of  the  work. 

George  Scherr  Co.,  Inc.,  128  Lafay¬ 
ette  St.,  New  York,  N.  Y. 


Electronic  Tinier 

This  is  an  adjustable  timing  relay 
with  immediate  automatic  resetting  for 
timing  periods  from  1/20  second  on. 
The  function  of  the  timer  is  to  close  or 
open  an  electrical  circuit  for  a  preset 
time  interval.  These  timers  are  de- 


Over  40  Standard  and  Many  Special  Designs. 

. . .  Resistance  Range:  0.001  ohm  to  10  meg¬ 
ohms.  .  .  .  Accuracy:  Tolerances  as  close  as 
0.05%.  .  .  .  Supplied  on  ceramic,  metal  or 
synthetic  forms. . . .  Inductive  or  Non-Inductive 
windings.  .  .  .Wound  with  the  alloy  you  spe¬ 
cify.  .  .  .  With  any  insulation  commercially 
available.  ...  A  variety  of  terminals  and 
mounting  facilities.  .  .  .  Impregnated  against 
moisture  and  high  humidity.  .  .  .  Address 
Dept.  No.  3 


signed  for  single  actuation  as  well  as 
for  sequence  timing  and  recycling  in 
continuous  operation  and  thus  pro¬ 
vide  a  wide  range  of  operating  combina¬ 
tions.  When  the  timer  is  actuated,  a 
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'jm  PLACE  10  MONKEY  AROUND 
^RN  TNE  UW  OF  6RAVITY! 

Man  going  down  ...  in  a  hurry.  The  geography  of  the  territory 
must  be  surveyed  and  the  movements  of  the  enemy  observed  . . .  and 
reported  .  .  .  on  the  way  down. 

The  law  of  gravity  still  holds  good  .  .  .  and  the  man  at  parachute's  end 
must  be  keen-eyed  and  quick-minded.  However,  these  important  human 
qualities  won’t  help  him  much  without  proper  equipment. 

An  integral  part  of  a  parachutist’s  paraphernalia  is  the  Phone-Switch 
unit  made  by  American  Radio  Hardware  Co.  This  is  the  vital  con¬ 
necting  link  between  air  and  ground  communications  —  and  it  has 
.got  to  work.  It  does! 

^  A*. 

lSP  'A.  Jft  ’  SW-U1  SWITCH 


The  Phoni^Swifeh  Assembly  l§  bat  one  of  the  many  precision  imtm- 
ments  which  are  our  contribution  toward  winning  this  war.  Someday 
when  it  becomes  a  parachutist’s  job  to  report  a  picnic  rather  than  a 

I 

li  battle  the  Phone-Switch^  along  with  all  others  of  our  products,  will  be 

/fnrn^'  an  important  influence  in  the  field  of  civilian  conununications.  God 

speed  the  day. 

I  BUY  WAR  BOMBS  AMD  STAMPS 

^  476  W(0A1>WAV,  MEW  YORK,  M.  Y. 

^  f  Wrif»  for  Catalogue 

MANUFACTURERS  OF  SNORT  WAVE  .  TELEVISION  .  RAVIO  .  SOUND  EQUIPMENT 
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HEATING  ELEMENT 
by  the  ydrd,^ . . 


charged  condenser  begins  to  discharge, 
the  rate  of  discharge  being  controlled 
by  adjustable  resistors.  Simultaneously 
with  the  actuation,  amplifier  tubes 
energize  the  relay.  When  the  discharge 
of  the  condenser  is  completed,  the  am¬ 
plifier  tubes  become  inoperative  and 
the  relay  is  de-energized.  The  timer 
operates  without  clockwork  or  motor 
or  any  mechanically  moving  part  ex¬ 
cept  for  the  relay.  To  permit  all  pos¬ 
sible  switching  operations  which  may 
occur  in  actual  timing  work  such 
features  as  powered  and  unpowered 
load  (which  can  be  switched  simultane¬ 
ously),  adjustments  for  “normally 
open”  and  “normally  closed”,  and  push¬ 
button  and  remote  contrtjl  have  been 
incorporated  in  the  instrument.  The 
illustration  shows  two  timers  (Model 
900)  connected  for  recycling. 

Photovolt  Corp.,  95  Madison  Ave., 
New  York,  N.  Y. 


Phonograph  Needle 

This  new  phonograph  m^edle  is  called 
“Jensen  Concert  Needle”  and  utilizes 
a  spring  action  construction.  The 
needle  is  made  rigid  in  a  cross-wise 
plane  so  that  all  frequencies  in  the 
record  are  transmitted  without  loss  to 


CLAROSTAT 


'A  Flexible,  compact,  indestructible;  an  element  that 
could  be  jammed  into  tight  places,  snugly  fitting 
around  parts  to  be  heated,  for  maximum  efficiency: 
any  length  by  inches  or  feet.  .  .  . 

An  outstanding  manufacturer  of  precision  naviga¬ 
tional  instruments  submitted  that  problem  to  Claro- 
stat.  And  Clorostat  engineers  soon  had  the  solution 
in  still  another  adaptation  of  their  well-known 
Glasohms. 

Produced  in  any  length,  Glasohms  are  the  ideal 
low-wattage  heating  element  or  resistor.  Fibreglass 
core  and  braided  cover  for  the  resistance-wire 
winding.  Flexible.  1  to  2  watts  per  inch,  depend¬ 
ing  upon  application.  Operating  temperatures  up 
to  750°  F.  Terminals — or  without  terminals. 

Interested?  Write  for  data.  Let  ui  quote  on  your 
requirements,  whether  usual  or  unusual. 
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the  mechanism  in  the  pick-up.  A  flat¬ 
tened  cross-section,  which  causes  less 
air  to  be  agitated  direct,  reduces 
“needle-talk.”  Scratches  and  hisses 
which  emanate  directly  from  the  needle 
are  eliminated  and  cannot  be  heard 
even  when  the  top  on  the  phonograph 
is  left  open.  The  needle  point  itself  is 
made  from  the  manufacturers  own 
formula  of  an  alloy  of  precious  metals. 
The  point  is  made  for  greater  wear- 
resisting  qualities  rather  than  extreme 
hardness. 

Jensen  Industries,  Inc.,  737  North 
Michigan  Ave.,  Chicago,  Ill. 


D-C  Power  Supply 

This  power  supply  operates  from  alter¬ 
nating  current  lines  to  provide  con¬ 
tinuous  direct  current  for  the  operation 
of  direct  current  or  battery-operated 
equipment.  Units  of  this  type  are  avail¬ 
able  in  a  variety  of  physical  mounting 
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MAGNET  WIRE  HEADquaRTERS 

ALL  INSULATIONS 

SILK  GLASS 

PAPER  COTTON 
NYLON  FORMVAR 
ENAMELED 

REA  MAGNET  WIRE  COMPANY 

FORT  WAYNE,  INDIANA 


WITH  VICTORY  AT  STAKE  THE  BEST  IS  NOME  TOO  COODf 


^ilKSWURCRAFlTANHs, 


AMPERITE 


BATTERY  CURRENT  a  VOLTAGE 

REGULATORS 


Features: — 

1.  Amperites  cut  battery 

voltage  fluctuation  from 
approx.  50%  to  2%.  ; 

2.  Hermetically  sealed  —  I 
not  affected  by  altitude.  I 
ambient  temperature,  | 
or  humidity. 

3.  Compact,  light,  and 
inexpensive. 

Now  used  by  U.  S.  Army, 

Navy,  and  Air  Carps. 

Send  us  your  problem. 


styles  and  can  be  made  for  operation 
on  various  line  potentials  and  frequen¬ 
cies.  This  unit  employs  gaseous  type 
rectifiers,  has  a  two-section  filter  and 
a  special  built-in  automatic  voltage 
regulating  device.  It  delivers  110  volts 
direct  current  up  to  15  amps.  The  in¬ 
put  circuit  is  designed  to  permit  use 
on  alternating  current  lines  of  various 
voltages. 

Standard  Transformer  Corp.,  1500 
N.  Halsted  St.,  Chicago,  Ill. 


How  to  get  Best  Results 
with  Flexible  Shafts 


This  is  a  subject  of  immediate  interest  to  many 
engineers  because  of  the  wide  and  growing 
use  of  flexible  shafts  for  remote  control  and 
power  drive  purposes  in  planes,  tanks,  ord¬ 
nance,  naval,  signal  corps  and  other  war  equip¬ 
ment. 

The  two  basic  points  in  getting  best  results 
are:  ( IJ  Selection  of  the  right  shaft  for  a  given 
set  of  conditions;  (2)  Applying  the  shaft 
correctly. 

These  points  are  discussed  in  a  bulletin 
titled  "How  to  Make  the  Most  of  Flexible 
Shafts".  We  will  be  glad  to  mail  you  a  copy 
on  request. 


Thyratron  Rectifier 

Direct-current  cable-fault  reduction 
and  localization  sets  are  available  for 
locating  faults  on  power-cable  systems. 
The  complete  set  consists  of  a  thy¬ 
ratron  rectifier,  control,  motor-driven 
interrupter,  and  current-limiting  re¬ 
actor,  (completely  enclosed  in  a  metal 
housing) ,  and  a  portable  field  set  for 


CONSULT  S.  S.  WHITE 

when  poM  need  flerible  $haft$.  Also 
for  enointering  aid  in  geleeting  nnd 
applying  flexible  ghafU  for  ang  re¬ 
mote  Citntrol  or  potttr  drive  applica¬ 
tion.  At  pregent,  of  evurge,  our  prod¬ 
uets  and  services  are  ct^nfined  to  work 
eonrueted  with  war  production. 


Th*  S.  S.  Whit*  Dental  Mfg.  Co. 


taking  readings  along  the  cable.  The 
set  first  reduces  the  resistance  of  the 
fault  to  a  satisfactory  value  and  then 
transmits  a  tracer  current  which  may 
be  easily  recognized  by  traversing  the 
cable  with  the  portable  field  set. 
Traversing  the  cable  and  observing  in¬ 
dications  at  manholes  requires  less 
time  than  heretofore,  and  the  method 
is  positive.  The  instrument  can  be  used 
up  to  its  maximum-rat<;d  voltage  for 
direct-current  high-potential  tests  on 
cable  systems  and  other  apparatus.  It 
is  available  in  eight  different  ratings 
up  to  20,000  volts  and  up  to  20  amps. 

General  Electric  Co.,  Schenectady, 
N.  Y. 


Insulating  Varnishes 

Three  types  of  “Bulls-Eye”  insulating 
varnishes  are  available.  The  first  of 
these  is  Type  G  which  has  high  impreg¬ 
nating  qualities  and  high  elasticity  over 
a  maximum  range  of  temperature.  It 
is  flexible  and  tough  and  has  high  dielec¬ 
tric  strength.  It  can  be  used  as  a  bind¬ 
ing  or  coating  tape  for  glass,  paper  or 
absestos  fibres,  or  it  can  be  used  for 
binding  cotton.  The  two  other  varnishes 
are  Type  BF  and  Type  KR.  Both  of 
these  come  in  black  or  yellow  colors. 
Type  BF  is  for  use  in  impregnating 
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Get  This  Flag  Flying  Nowl 


This  War  Savings  Flag  which  flies  today 
over  companies,  large  and  small,  all  across 
the  land  means  business.  It  means,  first, 
that  10%  of  the  company’s  gross  pay  roll  is 
being  invested  in  War  Bonds  by  the  workers 
voluntarily. 

It  also  means  that  the  employees  of  all  these 
companies  are  doing  their  part  for  Victory 
...  by  helping  to  buy  the  guns,  tanks,  and 
planes  that  America  and  her  allies  must  have 
to  win. 

It  means  that  billions  of  dollars  are  being 
diverted  from  “bidding”  for  the  constantly 
shrinking  stock  of  goods  available,  thus  put¬ 
ting  a  brake  on  inflation.  And  it  means  that 
billions  of  dollars  will  be  held  in  readiness 
for  post-war  readjustment. 


Save  With 


Think  what  10%  of  the  national  income, 
saved  in  War  Bonds  now,  month  after  month, 
can  buy  when  the  war  ends! 

For  Victory  today  . .  .  and  prosperity  tomor¬ 
row,  keep  the  War  Bond  Pay-roll  Savings 
Plan  rolling  in  your  firm.  Get  that  flag  fly¬ 
ing  now!  Your  State  War  Savings  Stafif^  Ad¬ 
ministrator  will  gladly  explain  how  you  may 
do  so. 

If  your  firm  has  not  already  installed  the  Pay¬ 
roll  Savings  Plan,  now  is  the  time  to  do  so. 
For  full  details,  plus  samples  of  result-getting 
literature  and  promotional  helps,  write  or 
wire:  War  Savings  Staff,  Section  F,  Treasury 
Department,  709  Twelfth  Street  NW., 
Washington,  D.  C. 


War  Savings  Bonds 


This  Space  Is  a  Contribution  to  America’s  AI!-Out  War  Prosram  by 
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fans  or  Flying  Fortresses 

★  The  H.  A.  Wilson  Company  is  playing  a  vital  role  in 
today’s  war  production — just  as  it  has  for  over  27  years  in 
peace-time  Industry,  Meeting  the  most  exacting  war  require¬ 
ments,  Wilco  offers  a  wide  variety  of  specialized  thermostatic 
bi-metals  of  the  high  and  low  temperature  types.  Also  a 
series  of  resistance  bi-metals,  (from  24  to  440  ohms,  per  sq. 
mil,  ft.).  Wilco  electrical  contact  alloys  are  available  in  Sil¬ 
ver,  Platinum,  Cold,  Tungsten,  Special  Alloys,  Metal  Powder 
Croups.  Wilco  Aeralloy  is  the  outstanding  aircraft  magneto 
contact  alloy.  Wilco  engineers  welcome  your  problem. 


coils,  motors  and  transformers.  Type 
KR  can  be  used  for  impregnating  cloth, 
or  it  can  be  used  on  laminated  metal 
sheets  which  can  be  fabricated  after 
the  application  of  the  varnish. 

William  Zinsser  &  Co.,  Inc.,  516  West 
58th  St.,  New  York,  N.  Y. 


Balancer 

“Dy-Namic  Balancing”  is  the  name  of 
a  new  balancing  machine  which  was 
designed  to  eliminate  the  noise  and 
premature  wear  of  shafts,  production 
line  machinery,  motors,  bearings,  etc,, 
resulting  from  the  excessive  vibrations 
of  rotating  parts.  The  instrument  will 
indicate  with  accuracy  the  disturbing 
centrifugal  force  or  force  couple,  and 
both  the  angular  position  and  the  value 
or  amount  of  unbalance  is  shown  at  the 
same  time.  A  variety  of  models  rang¬ 
ing  from  bench  models  to  large  floor 
and  pit-type  models  are  available  for 
balancing  equipment  weighing  from  6 
ounces  to  1000  pounds.  These  machines 
are  easy  to  operate  and  are  economical. 

Bear  Mfg.  Co.,  Industrial  Div.,  Rock 
Island,  Ill. 


The  H.  A.WILS0N  CO. 

105  CHESTNUT  ST.,  NEWARK,  N.  J. 

Branches;  Chicago  and  Detroit 


Literature- 


Measurement  Instruments.  Bulletin 
D-1  describes  the  No.  630  Wheatstone 
bridge.  This  is  a  basic  electrical  meas¬ 
uring  instrument  which  can  be  used  by 
laboratories  and  manufacturers  for 
production  testing.  Also  described  and 
illustrated  is  No.  638-1  Kelvin  Wheat¬ 
stone  bridge,  an  electrical  resistance¬ 
measuring  instrument  and  No.  621-A 
percent  limit  bridge  for  rapid  testing 
of  resistances.  Bulletin  D-1  from  Shall- 
cross  Mfg.  Co.,  Collingdale,  Pa. 

Guidance  Manual.  “Manual  for  Com¬ 
mittees  of  Engineers  Interested  in  En¬ 
gineering  Education  and  the  Engineer¬ 
ing  Profession”  an  aid  to  engineers  and 
committees  acting  in  an  advisory  ca¬ 
pacity  to  high  school  students  consider¬ 
ing  engineering  as  a  vocation.  It  in¬ 
cludes  a  separately  bound  appendix  ad¬ 
dressed  to  the  student  as  a  prospective 
engineer.  Copies  of  the  manual  with 
appendix  may  be  obtained  from  En¬ 
gineers’  Council  for  Professional  De¬ 
velopment,  29  W.  39th  St.,  New  York 
City,  at  ten  cents  per  copy,  copies  of  the 
appendix  at  five  cents  per  copy,  dis¬ 
count  on  quantity  orders. 

Wavemeter.  In  the  September  1942 
issue  of  the  Experimenter  is  a  descrip¬ 
tion  of  a  general  purpose  wavemeter 
(Type  566-A).  Among  its  uses  may  be 
mentioned  its  application  for  checking 
the  frequency  ranges  of  oscillator  coils, 
setting  and  determining  oscillator  fre¬ 
quencies  and  finding  the  frequencies  of 
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RECORDING  BLANKS 


parasitic  oscillation  in  r-f  amplifiers.  Induction  Heatine:  Equipment.  Cat  i- 
It  has  a  frequency  range  of  0.5  to  150  log  E-10  contains  data  on  the  most  re- 
Mc.  cent  developments  of  high  frequen  y 

Also  in  this  issue  are  several  other  induction  heating.  The  booklet  explains 

articles:  “Measuring  Balanced  Im-  how  induction  heating  units  save  time 

pedances  with  the  R-F  Bridge,”  “Tak-  and  money,  how  to  apply  heat  treating 

ing  the  Pulse  of  Turbines,”  “Using  a  applications  to  irregularly  shaped  pat  ts 

Polarizing  Voltage  with  the  Capacitance  as  well  as  symmetrical  parts,  how  it  is 

Test  Bridge”  and  a  list  of  discontinued  applied  to  metal  joining  and  meltiiig. 

instruments.  General  Radio  Co.,  30  The  construction  features  of  seveial 

State  St.,  Cambridge  A,  Mass.  units  are  explained.  Catalog  E-10  ob¬ 

tainable  from  Lepel  High  Frequency 
Tubes.  A  booklet  “Thirteen  Ways  to  Labs,  Inc.,  39  West  60th  St.,  New  York, 
Prolong  Tube  Life”  contains  hints  on  New  York, 
how  to  get  the  longest  service  from 
electronic  tubes.  It  covers:  plate  dis¬ 
sipation,  circuit  tuning,  saving  watt 
hours,  minimizing  stray  circuit  losses 
in  class  C  stages,  adjustment  of  grid 
drive,  maintainance  of  rated  filament 
voltages,  prevention  of  parasitic  oscil¬ 
lations  and  other  subjects.  Heintz  and 
Kaufman,  Ltd.,  1012  Tanforan  Ave.,  S. 

San  Francisco,  Calif. 


High  Altitude  Chambers.  De.scrihod 
and  illustrated  in  an  11-page  booklet 
are  high  altitude  chambers,  constant 
temperature  bath  tables,  temperature 
and  humidity  cabinets,  all-weather 
units,  and  weathering  cabinets.  The  in¬ 
stallations  described  are  standard  units. 
The  booklet  also  explains  how  to  go 
about  ordering  special  units  built  to 
specifications  for  exceptional  purpo.ses. 
Tenney  Engineering,  Inc.,  Dept.  E,  8-A 
Elm  St.,  Montclair,  N.  J. 


Screw  Products.  An  up-to-date  list¬ 
ing  of  aviation  products,  machine 
screws,  cap  screws,  set  screws,  wood 
screws,  sheet  metal  screws,  Phillips 
head  screws,  bolts,  studs,  rods,  nuts, 
stampings,  rivets,  eyelets,  pins,  bright 
wire  goods,  toggle  bolts,  anchors,  shields 
and  special  screws  made.  Manufactur¬ 
ers  Screw  Products,  216-222  W.  Hub¬ 
bard  St.,  Chicago,  Ill. 


Lathe  Operation.  A  16-page  illus¬ 
trated  booklet  “Keep  Your  Lathe  Clean” 
explains  how  keeping  lathes  clean  will 
help  increase  production,  reduce  scrap, 
and  lengthen  the  life  of  the  lathe.  This 
Bulletin  H-1  is  the  first  of  a  series 
which  are  being  issued  to  lathe  users 
and  operators  to  help  them  get  the  best 
service  out  of  their  lathes.  Copies  of 
Bulletin  H-1  from  South  Bend  Lathe 
Works,  Dept.  4E,  South  Bend,  Indiana. 


Positioners.  Bulletin  WP  22  is  an  il¬ 
lustrated  bulletin  describing  the  prac¬ 
tice  of  welding  on  positioners.  It  gives 
the  functions,  safety  factors,  features, 
and  installation  suggestions.  Several 
welding  positioners  are  described  and 
illustrated  and  their  adaptability  is 
pointed  out.  Cullen — Friestedt  Co., 
1300  S.  Kilbourn  .Ave.,  Chicago,  Ill. 


Portable  Tool  Accessories.  This  is  a 
new  manual  which  shows  types  of 
mounted  wheels  and  a  wide  variety  of 
portable  tool  accessories.  Included  is  a 
selection  guide  for  mounted  wheels, 
data  on  the  grinding  of  all  class  mate¬ 
rial  with  mounted  wheels  and  a  section 
devoted  to  a  newly  developed  polishing 
wheel.  Chicago  Wheel  &  Mfg.  Co.,  1101 
W.  Monree  St.,  Chicago,  Ill. 


^  Choice:  Medium  weight  or  flexible  gloss. 

^  Both  with  two  or  four  holes. 

^  All  gloss  ...  no  fibre  or  foreign  material 
inserts  to  warp  or  fall  out. 

^  No  metal  gromets  to  “wow”;  holes  precision 
machined  in  glass. 

^  Priced  at  less  than  other  fine  brands;  imme¬ 
diate  delivery.  -  t 


Breakdown  Testers.  Model  IT-30-J 
insulation  breakdown  tester  and  Model 
lT-25  portable  insulation  breakdown 
test  .set,  designed  for  accurate  testing 
of  apparatus  at  fixed  voltages,  is  de¬ 
scribed  and  illustrated  in  a  four  page 
folder  released  by  Industrial  Trans¬ 
former  Corp.,  2540  Belmont  Ave.,  New 
York,  N.  Y. 


Rheostats.  Bulletin  60A  contains  gen¬ 
eral  information  on  rheostats.  Included 
in  this  bulletin  are  data  on  field  rheo¬ 
stats,  solid  rectangular  contacts,  motor 
drive  accessories,  pressed  steel  plate 
type  rheostats,  manual  drive  access¬ 
ories  for  individually  mounted  rheo¬ 
stats,  field  discharge  resistors,  and  a 
listing  of  spare  parts.  Ward  Leonard 
Electric  Co.,  Mount  Vernon,  New  York. 


Fasteners.  In  an  11-page  booklet 
“Camloc”  is  described.  This  fastener 
is  used  on  airplanes  for  parts  and  pan¬ 
els  requiring  instant  removal  and  re¬ 
placement.  It  describes  the  construc¬ 
tion,  replacement  and  maintenance  of 
the  fasteners.  Camloc  Fastener  Co., 
420  Lexington  Ave.,  New  York,  N.  Y. 


Circuit  Breakers.  15,000-volt  oil  cir¬ 
cuit  breakers  for  indoor  use,  classes 
150-TCR-3  and  250-TCR-3,  are  de¬ 
scribed  in  catalog  No.  3350.  These 
breakers  are  of  the  oil  tight  single 
round  tank  type,  single  throw,  and  are 
available  in  2  and  3  pole  designs.  Class 
150-TCR-3  breakers  are  available  in  600 
and  1200  ampere  capacities  and  have 
an  interrupting  capacity  of  150,000  kva. 
Class  250-TCR-3  breakers,  which  can  be 
furnished  in  600,  1200,  and  2000  am¬ 
pere  ratings,  have  an  interrupting  ca¬ 
pacity  of  250,000  kva.  Roller-Smith  Co., 
Bethlehem,  Pa. 


Plastics.  In  a  folder  entitled  “Plastic 
Parts  for  War  Production”  several 
plastic  parts  are  illustrated.  The  folder 
also  tells  how  companies  may  send  a 
blueprint  or  sample  for  immediate  quo¬ 
tation.  Creative  Pla.stics  Corp.,  963 
Kent  .Ave.,  Brooklyn,  N.  Y. 


Tubing.  In  a  4-page  folder  standard 
shapes,  special  shapes  and  parts  of 
seamless  steel  tubing  are  illustrated. 
The  usefulness  to  which  seamless  tub¬ 
ing  has  been  put  recently  is  pointed  out. 
Summerill  Tubing  Co.,  Bridgeport,  Pa. 


TURN  IN  YOUR  SCRAP  •  UNCLE  SAM  NEEDS  IT 
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This  advertisement  appeared 
in  a  group  of  newspapers  on 
Tuesday y  October  J3,  1942 
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How  do  you  get  the  (ube  root  of  a  cow? 


Read  the  newspaper  advertisement,  reprinted 
opposite,  and  you’ll  see  we  are  telling  the 
public  (and  government)  about  the  job  engineers 
are  doing  in  stuffing  bigger  food  production  into 
fewer  ships. 

When  you  get  to  that  part  of  the  ad  that  tells 
about  Food  Engineers  reducing  a  cow’s  carcass 
to  the  size  of  a  couple  of  suit  boxes,  you  w  ill  have 
reached  the  point  where  McGraw-Hill  really 
lives. 

In  Food  Production,  too,  it’s  our  job  to 
collect  the  ”how'-to-do-it”  news  on  each  new 
advance  in  technology  and  equipment,  and  pass 
on  this  information  to  an  entire  industry. 

The  Industrial  Press  of  America  implements 
the  exchange  of  ideas,  which  Is  a  national  char¬ 
acteristic  and  one  of  the  secrets  of  our  industrial 
development. 

Through  the  interchange  of  ideas,  made  pos¬ 
sible  by  the  Industrial  Press,  the  sum  of  American 
technical  genius  is  greater  than  the  sum  of  its  parts. 

If  a  food  engineer  in  Illinois  learns  how  to 
add  and  control  Vitamin  A  in  a  food  product,  all 
food  manufacturers  learn  how  it  was  done, 
through  a  magazine  like  P'OOD  INDUSTRIES.* 
If  a  manufacturer  develops  a  new  dehydrating 
machine,  production  men  learn  what  it  will  do 
and  how  it  operates,  through  the  informative  and 
helpful  advertising  that  is  characteristic  of  the 
Industrial  Press. 


No  matter  what  your  industry  or  your  job, 
you  can  probably  remember  many  instances 
where  an  industrial  magazine  has  helped  you 
find  a  solution  to  a  production  problem. 

But  valuable  as  they  are.  Industrial  Magazines 
cost  only  a  few  dollars  per  year. 

That’s  why  the  route  slip  is  so  puzzling.  If  a 
man  needs  to  see  a  magazine  at  all,  he  should  not 
be  under  pressure  to  pass  it  along. 

For  help  in  studying  the  proper  distribution 
of  technical  magazines  among  the  men  in  your 
organization,  write  to  the  Reading  Counsellor, 
c/o  McGraw-Hill  Publishing  Company,  Inc., 
330  West  42nd  Street,  New  York. 

★  ★  ★ 

THE  McGRAW-HILL  NETWORK 

23  publications,  which  gather  "war-news”  from  the 
"war-production-front”  through  a  staff  of  153  editors 
and  725  engineer-correspondents  .  .  .  More  than 
1,000,000  executives,  designers,  production  men  and 
distributors  use  the  editorial  and  advertising  pages  of 
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substantially  hollow  cylinder  of  elec¬ 
trons,  means  for  directing  cylinder  of 
electrons  through  split  anode  electrodes, 
means  for  applying  alternating  cur¬ 
rents  to  one  split  anode  electrode,  means 
for  adjusting  the  rotational  rate  of 
electrons  within  one  split  anode  elec¬ 
trode  to  correspond  to  the  period  of 


RECENT  U.  S.  PATENTS 


Each  week  the  United  States  Patent  Office 
issues  grants  to  many  hundreds  of  inven¬ 
tions  that  pass  the  acid  test  of  that  office. 
A  few  of  those  relating  to  electronics  are 
reviewed  here 


Cavity  Device.  Resonant  cavity  be¬ 
tween  source  and  collector  of  electrons, 
means  for  adjusting  phase  of  electrons 
passing  through  the  cavity  so  that  ve- 
Detector.  A  shield-grid  type  of  ve-  locity  variations  are  produced,  a  hollow 
locity-modulation  tube  comprising 

means  interposed  in  the  electron  stream  j;; — - - 1 

to  shield  the  collector  and  to  accelerate  * 
electrons  toward  the  collector  inde- 

pendent  of  the  potential  of  the  collector.  ^ 

F.  E,  Terman,  International  Standard 

Electric.  No.  2,293,180.  JfUffl  IWr  _ ii _ ^ 


High-Frequency  Apparatus 


said  alternating  currents  so  that  cer¬ 
tain  electrons  are  accelerated  and  others 
decelerated  and  thereby  arranged  in 
rotating  variable  charge  density  groups, 
means  for  directing  the  accelerated 
electrons  of  variable  charge  density 
electrons  groups  through  the  other 
split  anode  electrodes  so  that  voltages 
are  generated  therein,  and  means  for 
utilizing  voltages.  I.  Wolff,  RCA,  No. 
2,295,315. 


Amplifier.  Tube  containing  a  second¬ 
ary-emission  electrode  and  a  circuit  for 
using  it  as  a  high-frequency  amplifier. 
M.J.O.  Strutt,  Eindhoven.  No.  2,293,415. 


Frequency  Control.  In  a  uhf  system, 
means  using  a  buffer  resonator  for  stab¬ 
ilizing  the  frequency  of  the  generator 
section.  R.  H.  Varian,  W.  W.  Hansen, 
and  E,  L.  Ginzton,  Stanford  Uni.  No. 
2,294,942. 


Beam  Tube.  Secondary-emission  type  electrode  between  cavity  and  collector 
of  tube  in  which  a  control  means  is  used  biased  independently  of  the  cavity  and 
for  making  the  electrons  travel  in  collector,  the  hollow  electrode  having 

the  purpose  of  returning  electrons  to 
the  cavity  and  for  adjusting  their  phase 
so  that  the  returning  electrons  produce 
uhf  waves  within  cavity.  E.  G.  Linder, 
RCA.  No.  2,293,151. 


O.scillator  Tube.  An  electron  tube 
having  a  cathode  for  supplying  elec¬ 
trons  and  means  adjacent  the  cathode 
for  focusing  the  electrons  into  a  well 
defined  beam,  a  plane  electrode  spaced 
from  said  cathode  and  having  a  plu¬ 
rality  of  apertures  therein,  said  elec¬ 
trode  being  positioned  with  one  of  said 


mmr 


UHF  Device.  In  a  radio  device,  a 
shielding  container  enclosing  a  source 
of  uhf  oscillations,  a  removable  parti¬ 
tion  dividing  said  container  into  separ¬ 
ate  compartments,  one  of  said  compart¬ 
ments  containing  said  source,  the  size 
of  the  other  of  compartments  being  ad¬ 
justed  to  a  condition  of  anti-resonance 
at  the  frequency  of  oscillations  whereby 
the  electric  field  strength  in  other  com¬ 
partment  due  to  leakage  around  re¬ 
movable  partition  is  minimized.  E.  G. 
Linder,  RCA.  No.  2,296,678. 


apertures  in  alignment  with  said  elec¬ 
tron  beam,  and  an  electrode  positioned 
in  spaced  relationship  on  each  side  of 
said  apertured  electrode,  and  means  for 
inducing  magnetic  fields  through  said 
apertures  and  parallel  to  the  plane 
Amplifier.  Circuit  utilizing  a  satur-  apertured  electrode.  N.  Levin,  RCA. 
able  core  reactor  between  loud  speaker  No.  2,296,355. 
and  input  of  the  system.  J.  G.  Tovar, 

Wave  Absorber.  In  an  ultrahigh  fre-  Mexico  City.  No.  2,293,480. 
quency  radio  device,  a  container  in 
which  standing  waves  of  ultrahigh  r-f 
energy  are  formed  and  absorbing 
means  comprising  a  mass  of  loosely 
packed  fibrous  conductors  positioned 
within  the  container  for  minimizing  the 
standing  waves.  E.  G.  Linder,  RCA. 

No.  2,293,839. 


curved  paths.  H.  C.  Thompson,  RCA 
No.  2,293,417  and  No.  2,293,418  to  R.  M. 
Wagner,  RCA. 


Feedback  Amplifier.  Regeneration 
provided  by  two  cathode  leads  each  con- 
Relay  Circuit.  In  a  relay  system,  taining  inductances  and  each  providing 

means  in  each  repeater  station  re-  _ 

sponsive  to  a  cessation  of  signals  for  a 
predetermined  time  in  the  output  ^  ^ 

thereof  for  introducing  a  characteristic 
signal  in  its  input,  each  repeater  sta-  \ 

tion  having  a  different  characteristic  /  r  _  v  -p  JL  y- 

signal.  C.  W.  Hansell,  RCA.  No.  2,296,-  7"  ii  - L/Ur  7'  | 

UHF  Modulator.  Anode  coupled  to  384.  ^  ^  ?  - 

grid  of  triode;  modulating  voltages  fed  »  I 

to  tube  through  double-winding  trans-  Microwave  Device.  A  microwave  de-  [  T _ I- 

former,  the  windings  being  so  poled  vice  including  in  combination  a  source  _  ^9  1 

and  adjusted  that  frequency  modulation  of  electrons,  controlling  electrodes,  a 

occurs  but  so  that  the  output  energy  first  and  a  second  split  anode  electrode,  coupling  between  input  and  output, 

of  the  oscillator  remains  constant.  K.  means  for  forming  electrons  emitted  M.J.O.  Strutt  and  A.  van  der  Ziel,  Eind- 

Christ,  C.  Lorenz.  No.  2,294,073.  from  source  into  an  advancing  rotating  hoven.  No.  2,293,414. 
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frequency  insulating  material  ever  made 
—  polystyrene  —  in  the  form  of  tough 
and  flexible  sheets  .  .  .  POLYFLEX. 

CONDENSER  and  STORAGE 
BATTERY  and  CABLE  manufacturers, 
among  others,  will  immediately  recog¬ 
nize  the  important  advantages  of 

POLYFLEX: 

•  Zero  water  absorption. 

•  Dielectric  strength  of  excellent 
mica. 

•  Low  dielectric  loss  of  fused 
quartz. 

•  Flexibility  of  phenolic-coated 
papers,  achieved  by  three- 
dimensional  molecular  orient¬ 
ation. 


A  FEW  TYPICAL  EXAMPLES  OF  PLAX 


POLYSTYRENE  MACHINED  PARTS 


PLAX  machines  polystyrene  parts  in  a  multitude  of  shapes 
and  sizes  for  many  purposes,  thus  removing  all  molding  lim¬ 
itations.  PLAX  is  shipping  special  and  standard  electronic 
parts  in  any  quantity,  to  any  degree  of  accuracy  —  on  time. 
Please  write  for  details. 


ELECTRICAL  PROPERTIES  OF 
PLAX  POLYSTYRENE 

Arc  resistance  (ASTMD-495-38T)  sec  240-250, 
Dielectric  strength,  volts  mil: 

.005'  thick  =  3500 
.010'  thick  =  2500 
.015'  thick  =2200 
.125'  thick  =  500-700 


bamples  are  available  now.  lell  us 
what  widths,  thicknesses  and  tolerances 
especially  interest  you.  PLAX’s  ex¬ 
clusive  POLYFLEX  production  is  read¬ 
ily  adaptable  to  your  needs.  Please 
write  or  wire  today. 


Frequency  Cycles 


Dielectric  Constant 


Power  Factor 


0001  -  .0002 
0001-0002 
.0001-0004 
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1  OL)  can  now  have  the  best  high- 
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BACK  OF  THESE  80  PAGES 
OF  DATA 


are  50  YEARS 
EXPERIENCE  for 
you  to  use! 

High  quality  electrical  control  de¬ 
vices  are  not  made  merely  by  putting 
men,  tools  and  materials  to  work. 

Long  familiarity  with  electrical  con¬ 
trol  problems  is  needed  to  develop 
dependability,  long  life  and  precise 
performance.  That  is  why  Automatic 
Electric’s  half  century  of  experience 
is  so  important  today  to  designers 
and  producers  of  war  products. 

This  same  experience  is  reflected  through¬ 
out  Automatic’s  new  80-page  catalog.  It 
contains  more  authoritative  data,  about 
a  wider  variety  of  electrical  control  prod¬ 
ucts,  than  you  will  find  in  any  other  book 
on  the  subject.  Be  sure  to  write  for  your 
copy. 

And  Automatic  Electric’s  field  engineers 
can  provide  practical  assistance  too — make 


valuable  time-saving  and  effort-saving 
suggestions.  Ask  our  nearest  representa¬ 
tive  to  work  with  you  in  selecting  the 
equipment  best  adapted  to  your  needs. 
A  letter  or  call  to  our  nearest  office  will 
bring  full  information  promptly,  or  if 
you  prefer,  write  us  direct. 


AMERICAN  AUTOMATIC  ELECTRIC  SALES  COMPANY 
1033  W.  Vaa  ■■raa  Sfraat,  Chicago,  III. 

RELAYS 

AND  OTHER  CONTROL  DEVICES  BY 

ijamHiU' 


AlTOHATIt 


Faster  PLASTIC  Deliveries! 

-A  Branding  by  Rogan  on  plastics  alter  molding  eliminates  many  time-consuming 
mold-making  operations,  and  permits  you  to  use  blank  stock  parts!  Use  only  one 
master  die  for  interchangeable  parts  .  .  .  Rogan  will  brand  the  markings  for 
different  uses  .  .  .  FASTER! 

APPROVED  AS  THE  EQUAL  OF  ENGRAVING 

Rogan  "deep-relief"  branding  on  plastic  parts  meets  rigid  re¬ 
quirements.  Has  been  OK'd  as  the  equal  of  engraving  now  called 
for  in  specifications. 

ROGAN  BRANDING  CUTS  COST 

Save  expensive  lettering  and  marking  costs  through  the  use  of 
simpler  molds,  fewer  dies.  Illustrated  is  a  plastic  shut-off  branded 
by  Rogan,  fust  one  example  of  ability  to  handle  any  iob.  For 
plastic  parts  large  or  small,  flat,  curved,  round  or  con:cal,  sove 
lime  and  money  by  utilizing  Hogan's  exclusive  branding  process. 

Send  description  of  your  requirements  today! 

ROGAN  BROTHERS 

EASTERN  PLANT — 154  Lawrence  St.,  Brooklyn,  New  York 


UHF  Circuit.  Tube  with  appreciable 
input  conductance  with  additional  elec¬ 
trodes  and  accessory  circuit  apparatus 


to  neutralize  a  substantial  part  of  this 
input  conductance.  W,  H.  Aldous,  Hazel- 
tine.  No.  2,294,328. 

Magnetron  Circuit.  The  method  of 
stabilizing  a  radio  device  including  an 
electromagnet  having  a  magnetizable 
metallic  core  the  flux  density  of  which 
determines  the  operating  characteris¬ 
tics  of  the  device  which  includes  the 
steps  of  passing  a  direct  energizing 
current  through  electromagnet,  passing 


an  alternating  current  of  a  predeter¬ 
mined  frequency  through  said  electro¬ 
magnet,  and  gradually  reducing  the 
amplitude  of  alternating  current  to 
condition  said  electronmagnet  for  oper¬ 
ation  at  a  predetermined  point  on  its 
hysteresis  loop  characteristic.  R.  E. 
Braden,  RCA.  No.  2,296,764. 

Antenna  and  Coupling.  A  wide  band 
shortwave  antenna  for  radiating  hori¬ 
zontally  polarized  energy  substantially 
uniformly  in  all  directions  in  a  horizon¬ 
tal  plane  comprising  a  horizontal  ring 
radiator  having  a  diameter  substan¬ 
tially  equal  to  0.6  of  the  operating 


wavelength  and  means  for  simultan¬ 
eously  energizing  said  radiator  at  such 
a  number  of  equally  spaced  points 
around  said  ring  that  substantially  uni¬ 
form  current  distribution  is  obtained 
around  said  ring.  N.  E.  Lindenblad. 
RCA.  No.  2,296,356. 
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Amplification,  Modulation,  etc 


Limiter.  Means  for  varying  imped¬ 
ance  of  amplifier  tubes  in  accordance 
with  amplitude  of  signal  voltage  above 
a  predetermined  level,  for  simultan¬ 
eously  regulating  feedback  energy  to 
two  push-pull  amplifier  tubes.  C.  C.  Van 
Cott,  Collins  Radio.  Feb.  14,  1940.  No. 
2,283,241. 


Feedback  Circuits.  Nos.  2,282,380  to 
2,282,383  inc.  to  C.  S.  Root,  GE,  on 
degenerative  feedback  amplifiers. 


Wide-band  Amplifier.  Means  of  com¬ 
pensating  inductance  of  cathode  lead  by 
placing  a  low  pass  filter^  network  in 
the  cathode  circuit.  W.  R.^  Koch,  RCA. 
No.  2,293,262. 


Modulating  System.  Constant  im¬ 
pedance  load  made  up  of  two  fixed  equal 
impedances  and  two  variable  imped¬ 
ances  which  are  varied  in  accord  with 
modulating  signals,  and  means  for 
maintaining  square  root  of  the  product 
of  the  variable  impedances  constant 
and  of  such  a  value  that  the  input  im¬ 
pedance  of  device  is  constant.  J.  L. 
Pawsey  and  Eric  L.  C.  White,  AMI. 
2,293,946. 


Converter.  A  frequency  multiplying 
circuit  including  a  source  of  polyphase 
current,  the  frequency  of  which  is  to  be 
multiplied,  an  electronic  tube  having  a 
cathode,  several  anodes,  several  grid 
members  interposed  between  cathode 
and  anodes,  adjacent  grids  being  equally 
spaced  from  one  another  and  occupying 
separate  angular  positions,  said  grids 
being  so  connected  to  source  of  poly- 


MANUFACTURED  FROM 
STANDARD  PARTS  .  .  . 


Custom  designed  transformers  can  often  be  assembled  from 
standard  parts  found  in  the  large  variety  of  types  and  sizes 
available  to  Chicago  Transformer's  customers. 

Where  entirely  different  designs  are  necessary,  it’s  modern 
and  complete  plant  and  laboratory  facilities  are  equipped 
to  handle  the  most  unusual  assignments. 

Given  the  application,  description  and  the  electrical  results 
desired,  the  Chicago  Transformer  organization  should  best  be 
able  to  solve  your  new  and  difficult  transformer  problems. 


phase  current  as  to  produce  a  revolving 
electrostatic  field  and  restrict  the  elec¬ 
trons  emitted  into  a  narrow  beam,  al¬ 
ternate  anodes  being  connected  to¬ 
gether  and  to  a  source  of  high  potential 
to  form  an  output  circuit,  whereby, 
upon  said  beam  rotating  in  sequence 
upon  anodes,  an  alternating  current  of 
the  frequency  desired  may  be  set  up  in 
output  circuit.  A.  A.  Stuart,  Jr.  Bendix 
Aviation.  No.  2,293,368. 


^  R  A  ^ 


u/i  lo 


K-Award  Correction  , 

The  Remler  Co.,  Ltd.,  of  San  Fran¬ 
cisco,  Cal.,  should  have  appeared  in  the 
list  of  firms  on  page  118  who  have  re¬ 
ceived  the  Army-Navy  E  award. 


KLECTRONICS  —  November  1942 


Secondary  Emission  Amplifier.  Aux¬ 
iliary  cathode  connected  to  a  potential 
lower  than  anode  through  a  voltage 
dropping  resistor;  to  a  point  on  this  re¬ 
sistor  is  connected  a  condenser,  the 
other  terminal  of  which  is  connected  to 
the  grid  for  obtaining  feedback.  P.  F. 
Eldik,  RCA.  No.  2,293,449. 


YOU  NEED  THIS 

Me44A  ... 

RESISTOR  CATALOG 


Shorting  Device.  In  a  system  for  in¬ 
dicating  electrical  resonance  character¬ 
istics,  means  for  producing  a  baseline 
independent  of  a  curve  line  on  a  CR 
tube  and  for  adjusting  position  of  curve 
with  respect  to  base  line.  C.  E.  Hall¬ 
mark,  RCA.  No.  2,293,135. 

Band  Pass  Circuit.  Three  coupled 
circuits  arranged  so  that  frequencies 
within  desired  band  are  transmitted 
with  uniform  response,  and  so  that  at  a 
frequency  close  above  the  desired  band 
the  current  in  the  third  circuit  has  a 


!  tCACttlA  pertinent  In¬ 
formation  on  a  wide  range  of  fixed, 
adjustable,  "Rib-on-edge"  and  ferrule 
terminal  resistors,  power  line  and  R.  F. 
choices,  brackets,  bushings,  etc. 


Cll&O  Lectrohm's  1%  and  2  pound 
capacity  solder  pots  for  radio,  motor 
and  similar  electrical  equipment  plants. 


AVO/O/HiSTAfSES/ 
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Guard  precious  ivar  drawings 
with  this  special-process 
tracing  cloth 

IMistakes  mean  delays,  and  Amer¬ 
ica’s  wartime  job  is  to  speed  produc¬ 
tion  !  Give  war  jobs  tbe  best !  Tbat 
means  specially-processed  Ark¬ 
wright  Tracing  Clotb. 

Arkwright  is  made  bv'  a  highly 
technical  method  on  costly  ma¬ 
chines.  The  surface  is  clear,  smooth 
—  never  “humpy.”  Ink  lines  won’t 
spread  or  “feather”  -  nor  crack  or 
chip  in  drying.  Years  from  now, 
drawings  will  be  fresh  and  clear - 
truly  permanent!  Guard  your  war 
work  this  way.  Arkwright  Finishing 
Company,  Providence,  R.  I. 


lagging  phase  angle  approaching  90 
deg.  and  whereby  currents  in  input  and 
output  differ  in  phase  by  approximately 
180  deg.  and  the  voltages  induced  in 
the  output  cancel.  W.  R.  de  Cola,  Bel¬ 
mont  Radio.  No.  2,293,384. 

Gastube  Amplifier.  Circuit  made  up 
of  two  gaseous  tubes  with  means  for 
using  a  portion  of  output  voltages  to 
oppose  the  initiation  of  current  in  suffi¬ 
cient  amount  to  improve  the  linearity 
of  the  circuit.  G.  R.  Stibitz,  BTL.  No. 
2,293,570. 

FM  System.  The  method  of  modula¬ 
tion  which  includes  the  steps  of  gener¬ 
ating  a  constant  frequency  carrier  wave, 
producing  signalling  voltage  of  arbi¬ 
trary  waveform,  utilizing  said  signal¬ 
ling  voltage  to  generate  an  auxiliary 


5127  West  25th  St.  Cicero.  Illinois 


DEFENSE  REQUIREMENTS 


ELECTRICAL 
COIL  WINDINGS 

&  TRANSFORMERS 


Designed  to  meet  specific  require¬ 
ments  or  to  your  specification. 


COIL  WINDINGS 

ELECTROMAGNETS 

SOLENOIDS 


COIL  ASSEMILIES 


PAPER  INTER-LAYER  SECTION 
lOIIIN  WOUND 
FORM  WOUND 


wave  which  is  a  simple  sinusoidal  func¬ 
tion  of  the  instantaneous  value  of  the 
signalling  voltage,  and  modulating  the 
carrier  wave  in  accordance  with  the 
auxiliary  wave.  Hans  Roder,  GE.  No. 
2,294,209. 


Equipped  for  vacuum  and  pres¬ 
sure  impregnation  —  varnish  or 
compound. 


Acoustic  Device.  Means  of  improving 
the  directionality  of  a  system  composed 
of  a  ribbon  velocity  microphone  and  a 
moving  coil  pressure  microphone  by 
placing  resistors  across  the  moving 
coil  mike  for  reducing  its  output;  ac¬ 
cessory  transformers,  etc.  W.  R.  Harry, 
BTL  Inc.  No.  2,293,258. 


An  experienced  organization  at 
your  service  prepared  to  assist  in 
design  or  cooperate  on  problems. 

DINION  COIL  COMPANY 

P.O.  BOX  D  CALEDONIA,  N.  Y. 
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Sound  Absorbing  Apparatus.  A  sound 
absorbing  system  comprising  a  tapered 
horn  with  a  relatively  large  input  open¬ 
ing  and  a  small  throat  portion,  the 
taper  of  horn  being  such  as  to  cause 
substantially  no  reflection  and  at  least 
a  portion  of  horn  being  tapered  in  ac¬ 
cordance  with  an  exponential  law, 


whereby  sound  waves  applied  at  input 
opening  are  increased  in  particle  ve¬ 
locity  during  progression  through  horn, 
and  sound  absorbing  means  at  the 
throat  of  horn  to  absorb  the  energy  of 
increased  particle  velocity  waves.  F.  E. 
Terman,  Int.  Standard  Electric.  No.  2,- 
293,181. 

Discharge  Apparatus.  Electron  dis¬ 
charge  apparatus  comprising  a  cathode, 
means  for  concentrating  the  electrons 
emanating  from  cathode  into  a  thin 
beam  of  rectangular  cross-section,  an 
electron  receiving  element  in  alignment 


Where  accuracy  and  depend¬ 
ability  are  required,  depend 
upon  Dejur  Precision  Meters. 
Designed  for  today’s  urgent 
needs  by  a  firm  which,  for  20 
years,has  enjoyed  recognition  for 
precision  electrical  instruments. 

^  Immediate  attention  given  to 
1^  your  order.  Write,  wire  or  phone 
m  for  new  Catalog 

V  y  _  m  1-61,  Dept.  D 


with  cathode,  means  for  producing  a 
magnetic  field  having  its  lines  of  force 
parallel  to  the  line  of  alignment  of 
cathode  and  element,  and  means  for  de¬ 
flecting  beam  normal  to  the  longer 
cro.ss-sectional  dimension  thereof  in¬ 
cluding  means  for  producing  an  elec¬ 
trostatic  field  having  its  lines  of  force 
crossing  and  normal  to  the  lines  of 
magnetic  field  and  normal  to  the  shorter 
cross-sectional  dimension  of  electron 
beam.  A.  M.  Skellett,  BTL.  No.  2.- 
293.667. 


COMBINE  BRITISH  THEORY  WITH  AMERICAN  PRACTICE 
World  War  II  shows  that  both  Brit-  and  other  branches  of  engineering, 
ish  and  American  engineering  meth-  fit  you  for  responsible  work  anywhere, 

ods  are  vitally  necessary  for  victory!  They  are  of  the  highest  technical 

The  following  home  study  courses  in  standards  but  if  necessary  begin  with 
all  branches  of  electrical  engineering,  elementary  work. 

Endorsed  by  leading  engineers  for  over  fifteen  years.  Full  investigation  invited, 

ELECTRICAL  struments;  Design  and  Manu- 

A.M.I.E.E.;  General  Electri-  Electrical  Ma- 

cal  Engineering;  Alternating  Apparatus: 

Current  Engineering:  Elect.',-  Telegraph;  Telephony, 

cal  Installations;  Power  House  P Anm 

Design;  Electric  Traction;  UlU 

Electricity  Supply;  Electrical  A.M.Brit.I.R.E.,  General  Wire- 

Meters  and  Measuring  In-  less;  Advanced  Wireless  and 

High  Frequency;  Radio  Ser- 
vicing  and  Maintenance; 

I  Short  Wave  Radio;  Practical 

Television:  Sound  Picture  En- 
\  gineering. 


Television  Cireiiits 

Picture  (ienerator.  Use  of  piezoelec¬ 
tric  elements,  styli  and  an  image  re¬ 
cording  surface  and  means  for  moving 
the  styli  with  respect  to  surface,  means 
to  impress  image  emfs  to  piezoelectric 
elements  in  succession  so  that  styli 
produce  images  upon  surfaces.  R.  A. 
Heising,  BTL,  No.  2,294,180. 

Separating  Circuit.  Double-grid  tube 
in  a  circuit  for  separating  sync  impulses 
from  picture  signals  comprising  means 
for  shifting  cut-off  point  of  the  tube  in 
a  direction  to  reduce  signal  in  the  sep¬ 
arator  tube.  A.  A.  Barco,  and  C.  N. 
Kimball,  RCA.  No.  2,293,528. 

Deflection  circuit.  As  a  means  of  ver¬ 
tical  deflection,  a  condenser  and  a  dis¬ 
charging  circuit  with  means  of  making 
the  impedance  of  this  circuit  different 
for  successive  condenser  discharges. 
R.  D.  Kell,  RCA.  No.  2.293,147. 


A.F.R.Ae.S.  Examination;  Air 
Ministry  Exams  for  Ground 
Engineers;  Advanced  Aero¬ 
nautical  Engineering  and 
Aeroplane  Design;  General 
Aeronautical  Engineering; 
Aero  Engine  Course;  Aircraft 
Apprentices'  Course;  Pilots’ 
"B"  License;  Air  Navigators' 
Certificates;  Matriculation 
(London);  B.Sc.  (London) 
Pure  Science. 


('ttiiadlun  InHtItute  of  Srieni’e  It  Terhnoloc.v.  I.lmited 
311  fhewter  Bliiir..  319  Bay  Street,  Toronto.  Ont. 

Please  forward  free  of  eoal  or  obligation  of  anv  kind  \oui  1 
page  Handbook,  "RNOIXEKKING  OPPOKTIWITIKS". 


176  PAGES. 
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Image  production.  An  electro-optical 
image  producing  system  comprising 
means  to  produce  a  video  signal  having 
frequency  components  extending  from 
a  very  low  frequency  to  several  hundred 
kilocycles,  means  to  produce  a  control 
frequency  lying  within  the  range  of 
frequencies  constituting  the  video  sig¬ 
nal,  means  to  produce  two  carrier  fre¬ 
quencies  which  constitute  adjacent  odd 
harmonics  of  control  frequency,  means 
to  modulate  the  lower  of  the  carrier 
frequencies  with  the  video  signals, 
means  to  select  and  transmit  only  the 
lower  side-band  and  vestigial  upper 
side-band  resulting  from  said  modula¬ 
tion,  means  to  modulate  the  higher  car¬ 
rier  with  the  transmitted  side-bands, 
means  to  select  only  the  lower  side-band 
resulting  from  the  second  modulation, 
and  means  to  transmit  the  last  selected 
side-band  and  produce  a  television  im¬ 
age  therefrom.  C.  L.  Weis,  Jr.  BTL. 
No.  2,293,870.’ ■ 


PILOT  LIGHT 
ASSEMBLIES 


M^ELIVKIUEK  aro  not  a  problom  at 
OOTIIAltD.  If  standard  moilolN  ilo 
not  fit  your  roquironiont$«.  sond 
your  specifiratiouN  anti  propoN4‘d 
tiolivery  selioclul#^.  You  will  bo 
auHWored  iniiuodiat<‘ly.  tir  writo 
for  nptr  oataloj^. 


Filter  System.  Television  system  op¬ 
erated  with  a  remote  pickup,  and  means 
at  the  main  transmitter  for  balancing 
out  certain  undelayed  synchronizing 
impulses  which  would  otherwise  become 
unavoidably  mixed  with  the  picture  sig¬ 
nal.  R.  D.  Kell,  RCA.  No.  2,293,148. 


Actual  Size 


Receiver.  System  for  separately  re¬ 
ceiving  two  sets  of  sync  signals  com¬ 
prising  broadly  selective  circuits  for  one 
set  of  signals  and  a  narrowly  selective 
circuit  for  the  other  set  of  sync  signals. 
H.  A.  Wheeler,  Hazeltine.  No.  2,293,233. 


MAXI  FACTriUXb  I'OMPAXY 

1310  XOilTII  XIXTII  STItEET 
SPIMXbFIELII.  ILLIXOIS 


Scanning  Systems.  Three  patents  to 
R.  E.  Graham,  BTL,  on  electrostatic 
scanning  systems.  Nos.  2,294,  114-116 
inclusive. 


Synchronizing  Circuits.  No.  2,294,341 
to  R.  C.  Moore,  Philco,  on  a  limiter  cir¬ 
cuit  for  reducing  strengrth  of  unwanted 
extraneous  signals. 


tonsUnt  Output  Voltage 
115  VOLTS 


Non-Coniiiiiinication 

Applications 


NO  MOVING  PARTS 


Timing  Device.  In  combination,  elec¬ 
tron  tubes  in  which  conduction  between 
two  electrodes  is  initiated  by  a  control 
electrode,  means  for  impressing  alter¬ 
nating  voltages  between  said  two  elec¬ 
trodes  of  each  tube,  means  responsive  to 
the  stoppage  of  conduction  in  one  tube 
for  supplying  a  bias  voltage  between  the 
control  electrode  and  one  of  said  two 
electrodes  of  another  tube  and  means 
responsive  to  the  restarting  of  conduc¬ 
tion  in  the  first  for  rendering  said  bias 
voltage  effective  to  stop  conduction  in 
the  second  tube.  W.  P.  Overbeck,  Ray¬ 
theon  Mfg.  Co.  No.  2,295,601. 


When  a  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltage  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltage  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three 


Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 

Write  for  Bulletin  DL48-7I  JE  describing  Raytheon  Stabilizers. 


Inspection  System.  Means  using 
light-sensitive  cell,  amplifier  and  thy- 
ratron  for  detection  foreign  body  in 
fluid.  G.  P.  Stout,  Coco-Cola  Co.,  Wil¬ 
mington.  No.  2,295,366. 


RAYTHEON  MANUFACTURING  CO. 

100  Willow  Stroet  WALTHAM,  Mossoehusotts 
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INSULINE  CORP.  OF  AMERICA 

INSULINE  lUILDING 

LONG  ISLAND  CITY.  N.  Y. 


Industrial  Ltstrumtfts^ 

^  IS6  Culver  Avc.,  Jersey  CHy,  M.  J.^ 


Light-sensitive  Circuit.  In  a  light- 
sensitive  circuit  including  a  phototube 
cell  having  dual  anodes  and  a  cathode 
common  to  said  anodes,  together  with 
an  amplifying  tube  individual  to  each 
of  said  anodes,  the  method  of  compen¬ 
sating  crosstalk  between  the  two 


for  this  I2-pate 
Industrial  Cal- 


FACILITIES  ARE  NOW 
COMPLETELY  GEARED 
to  the  needs  of 
THE  ARMED  SERVICES! 


Our  greatly  enlarged  plant  and  facilities  are 
completely  devoted  to  manufacturing  these 
Electronic  Products  and  Parts  for  the  Armed 
Services: — 


anode-cathode  paths  of  said  phototube 
by  introducing  into  the  grid  circuit  of 
each  amplifying  tube  a  controlled  vol¬ 
tage  derived  from  the  currents  gen¬ 
erated  in  said  phototubes  opposite  in 
phase  but  corresponding  in  magnitude 
to  the  crosstalk  voltage  normally  pres¬ 
ent  in  said  grid  circuit.  W.  J.  Alber- 
sheim,  WECo.  No.  2.295,536. 


•  Metal  Cabinets,  Chassis,  Panels 

•  Metal  Stampings  •  Name  Plates, 
Dials  •  Plugs  and  lacks 

•  Completely  assembled  Screw 
Machine  Products 

•  Hardware  and  essentials 

*  Antennas  for  "Walkie- 
■IliV  Talkies",  Tanks,  etc. 


Registering  Apparatu.s.  Apparatus 
for  detecting  defective  filaments  pro¬ 
jecting  from  an  electrically  non-con¬ 
ducting  thread  including  means  for  im¬ 
parting  an  electrical  charge  to  the 
thread,  means  normally  out  of  contact 
with  said  thread  and  engaged  by  said 
defective  filaments  for  collecting  said 
charge,  and  a  device  operated  by  the 
second  mentioned  means  upon  engage¬ 
ment  therewith  of  said  filaments.  E.  A. 
Keeler,  Brown  Instrument  Co.  No.  2,- 
295,795. 


Manularturrrs  <t  Contraelors: 
8«nd  apeeillcationt  lor  estimatet. 


#  Production  testing  of  capacitors  and  re¬ 
sistors,  or  again  incoming  inspection  for 
conformance  with  tolerance  specifications, 
can  be  greatly  speeded  up  with  this 
high-speed  moderate-priced  limit  bridge. 

e  Wide  Range:  Covering  widest  range  oi 
values,  this  equipment  can  be  continually 
used  in  the  plant.  Ccmocity  Limit  Bridge 
used  to  meosure  capacitance  or  inductance 
depending  on  standard  used.  Normally  sup¬ 
plied  with  Decade  Capacitor  covering 
range  of  .001  to  1.11  mid.  in  .001  mid.  steps. 
Resistance  Limit  Bridge  normally  supplied 
with  resistance  standard  having  range  of 
1000  ohms  to  1.11  megohms. 

•  Negligible  Setup  Time:  Necessary  only  to 
set  standard  to  proper  value,  set  the  limit 
dials  to  desired  percentage  limits,  hook  up 
test  Jig,  ond  snap  on  the  power. 

•  Speed;  Instantaneous  indication — null  in¬ 
dicators  immediately  signal  the  exceeding 
of  limits.  No  swinging  needles  to  come 
to  rest.  Speeds  up  to  1000  units  per  hour. 

•  Flexibility:  Multiplicity  of  standards  tised 
os  required.  Quick  setup  time.  Test 
switch  either  manually  operated  at  panel, 
or  external  switch  connected  to  relay  switch 
system  through  receptacle  in  panel. 

•  Ruggedness:  Extremely  so.  No  delicate 
indicating  meters.  No  harmful  effect  from 
dead  short  or  inadvertent  measurement  of 
capacitors  or  resistors  outside  the  range. 

•  Positive  Indication:  Any  unit  outside  limits 
shows  up  instantly  on  "magic  eyes." 

•  Sell-Contained:  Entirely  so.  Furnished 
complete  with  ttibes,  reody  to  operate  on 
105-130  V.  50-60  cycle  A.C.  Based  on 
Wheatstone  Bridge  principle,  readings  ore 
independent  of  line  voltage  fluctuations 
and  tube  characteristics. 


Magnetic  Measurements.  Use  of  the 
Hall  effect  in  a  relatively  long  and 
narrow  magneto-sensitive  element 
placed  within  the  field  of  the  specimen 
to  be  examined,  a  magnetic  pickup  be¬ 
tween  specimen  and  Hall  effect  ele¬ 
ment,  oscilloscope  and  amplifier,  means 
for  rotating  specimen  and  for  exam¬ 
ining  the  specimen  in  a  point  by  point 
manner.  No.  2,295,382.  P.  H.  Brace, 
WKMCo. 


unge  AM  and  FM 
radiators  ara  craatiftg 
naw  parformanea 
racordi  throughout  tha 
broadeaiting  tiald.  Im- 
provad  dasigns  and 
axclusiva  faaturas  ara 
rasponiibla  for  thair 
high  afficianey,  unax- 
'  eallad  stability  and 
.low  maintananea  eost. 


Null  Meter.  Method  of  measuring  an 
impedance  by  connecting  the  impedance 
to  provide  a  transmission  path  between 
input  and  output  circuits  of  a  T  net¬ 
work  and  balancing  the  output  current 
of  the  T  network  against  the  current 
from  the  transmission  path.  W.  N. 
Tuttle,  General  Radio  Co.  No.  2,294,941. 


Write  for 
DATA  .  . . 


Illumination  Control.  Method  of  con¬ 
trolling  illumination  either  by  a  time 
clock  or  by  a  phototube  sensitive  to 
changes  in  illumination.  Leon  Dewan, 
New  York.  No.  2,295,894. 


LOOK  TO  LISGO— 
for  proven,  faetual 
information  on  mod¬ 
em  antenna  systems. 


Not  only  on  this 
■’must"  instrument, 
but  also  Voltage 
Breakdown  Tester, 
Decade  Capacitor, 
Decade  Resistance 
Box,  etc. 


.\VC  for  Musical  Instrument.  Device 
for  electrically  reproducing  and  ampli¬ 
fying  the  sound  of  a  keyboard  instru¬ 
ment  caused  by  depression  of  one  of  the 
keys  in  accordance  with  the  amount 
that  the  key  is  depressed,  a  variable  re¬ 
sistor  associated  with  the  keys  for  AVC. 
No.  2,296,125.  ,1.  L.  Traub,  Henning, 
Minn. 
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JOHN  C.  DOLPH  COMPANY 


ln%ulsttng  Vsrniih  Specialists 


169-A  Emmef  Si.,  Newark,  New  Jersey 


Negative  Reversal.  Method  for  re- 1 
versing  photographic  color  negatives 
utilizing  a  cathode-ray  tube.  The  fluor¬ 
escent  screen  is  scanned  by  the  electron 
beam,  the  screen  forms  a  source  of 
light  which,  through  an  objective,  il¬ 
luminates  the  negative  to  be  reversed. 
Another  objective  between  negative  and 
a  phototube,  control  means  such  that 
the  quantity  of  light  falling  on  the 
phototube  from  all  points  of  the  nega¬ 
tive  is  the  same,  two  filters  in  equal 
primary  colors  one  being  between 
phototube  and  negative  and  the  other 
between  negative  and  an  observer,  the 
filters  being  movable  to  scan  each  point 
of  the  negative,  the  phototube  controll¬ 
ing  the  cathode-ray  tube  so  that  the 
quantity  of  light  falling  on  the  photo¬ 
tube  is  the  same  for  all  points  of  the 
negative.  No.  2,295,628.  F.  Biedermann, 
General  Aniline  &  Film  Corp. 


Newer  Magnet  Wires  and 
Class  B  Insulation  /S 


Look  for  Polymet 
trademark  for  ffiie  condensers. 
Polymet  has  beeiv  making  sup> 
erb  condensers  fer  the  past 
21  years.  X 


Shutter  Tester.  Shutter  testing  ap¬ 
paratus  comprising  a  source  of  light, 
a  photoelectric  device  arranged  to  re¬ 
ceive  a  light  beam  therefrom  controlled 
by  a  shutter  to  be  tested,  a  conducting 
disk  having  means  for  rotating  it  at  a 
fixed  predetermined  speed  and  having 
therein  a  predetermined  number  of 
equally  spaced  openings  arranged  in 
the  path  of  said  beam,  said  disk  having 


POLYMET  CONDENSER  CO, 
699  East  t35tk  Straat  \ 
New  York.  N.  Y.  \ 


With  time  at  a  premium,  many  en¬ 
gineers  are  faced  with  the  problem  of 
determining  the  proper  type  varnish 
to  be  employed  for  treatment  of  their 
particular  electrical  units  which  are 
constructed  with  the  more  modern 
types  of  insulating  materials.  Such 
work  requires  painstaking  research, 
for  varnish  insulation  and  treatments 
which  may  prove  very  successful  on 
one  type  of  an  electrical  unit  may  be 
entirely  unsatisfactory  for  another. 

We  maintain  a  fully  equipped  re¬ 
search  laboratory  for  the  benefit  of 
those  who  are  confronted  with  a  par¬ 
ticular  insulating  varnish  problem. 
We  are  confident,  no  matter  what 
your  problem  may  be,  that  with  the 
years  of  research  and  specialization 
in  the  field  of  insulating  varnishes, 
we  can  help  you. 

There  is  no  obligation  entailed. 
Write  and  give  us  full  particulars. 


means  whereby  a  record  disk  may  be 
detachably  mounted  thereon,  means 
for  amplifying  the  output  impulses  of 
said  device,  a  stylus  arranged  adjacent 
to  said  conducting  disk,  and  means  for 
applying  said  amplified  impulses  be¬ 
tween  said  conducting  disk  and  said 
stylus  to  mark  said  record  disk.  W.  K. 
Kearsley,  GECo.  No.  2,296,676. 


fiTAL  war  production  is  making  important  us* 
of  N*y  Precious  Metal  Alloys  for  certain  electri¬ 
cal  contacts  and  for  small  bearings  in  precision 
instruments.  Their  wide  range  of  properties, 
high  corrosion  resistance  and  ease  of  fabrica¬ 
tion  make  these  alloys  ideal  for  many  such 
uses  at  commercially  practicable  cost  and  with 
a  minimum  use  of  "critical"  material. 

The  Ney  Research  and  Production  Depart¬ 
ments  con  go  to  work  for  you  immediately. 
Write  us  to-day,  giving  details  of  your  specific 
problem.  The  chances  are  that  one  of  our 
standard  alloys  exactly  meets^^our  require¬ 
ments  -  •  or  we  con  quickly  develop  one  that  does. 
WHAT  IS  YOUR  PROBLEM? 

Ncy  Gold  alloys  have  the  following 
range  in  physical  properties: 

Brinell  hardness  30  to  300 

Tensile  strength  ...  up  to  200,000  p.  s.  i. 

Elongation  up  to  40% 

Modulus  of  elasticity  19to18.000.000  p.s.i. 
Specific  gravity  11  to  18  gm/’cc 
Specific  resistance  2  to  40  microhms/cc 
Melting  temperature  1500°  to  2800°  F 

THE  J.M.  HEY  CO.,  76  Elm  St.,  HARTFORD.  CONN. 


.Vutomatic  Meter  Reading  .\pparatus. 
In  apparatus  for  discriminating  against 
voltages  of  certain  amplitudes  in  favor 
of  voltages  of  amplitudes  slightly 
greater  or  lower,  a  voltage  regulation 
tube  circuit.  W.  Leathers,  IBM.  No. 
2,295,-534. 


Photoelectric  Cell.  Annular  casing, 
flange,  etc.  Surface  is  a  metal  plate 
coated  successively  with  selenium,  cad¬ 
mium,  and  platinum.  No.  2,296,670. 
C.  W.  Hewlett,  GECo. 


Luminescent  Lamp.  Use  of  lumi¬ 
nescent  screens  and  electrons  oscillat¬ 
ing  between  screens  for  producing  il¬ 
lumination.  H.  W.  Leverenz,  RCA.  No. 
2,296,643. 
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indispensable 
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L  Itrahigh  Frequency  1 

Technique  ■ 

By  J.  G.  Braineru  {Editor),  Glenn  H. 
Koehler,  Herbert  J.  Reich,  and  L.  F. 
Woodruff.  (5S4  pages.  Price,  $^.50. 

D.  van  Nostrand  Co.,  New  York.) 

The  recent  important  developments 
in  radio  communication  systems  oper¬ 
ating:  at  frequencies  well  above  100 
Me.  makes  necessary  a  new  evaluation 
of  electrical  phenomena  and  the  new 
methods  of  analysis  which  are  more 
eeneral  (but  also  more  difficult)  than  j 
the  customary  analytical  procedures 
usually^  employed  when  dealing  with 
linear  circuit  elements  of  lumped  con¬ 
stants.  As  a  result  it  may  be  expected 
that  a  more  general  theory  of  radio 
communication  will  be  developed  and 
that  future  generations  of  electrical 
engineering  students  will  be  much  more 
thoroughly  versed  in  field  concepts  and 
Maxwell’s  equations  than  is  the  case  at 
present.  From  this  general  point  of 
view,  the  treatment  of  usual  circuits 
may  be  derived  as  a  special  case,  just 
as  all  of  the  theory  of  direct  currents 
may  be  derived  from  alternating  cur¬ 
rent  theory  by  the  appropriate  simplifi¬ 
cations.  Some  texts  are  already  aJJpear- 
ing  in  which  the  more  general  point  of  1 
view  is  developed,  and  to  a  certain 
extent  the  volume  under  discussion  is 
one  of  them. 

The  present  volume  has  been  pre¬ 
pared  by  four  well-known  authors  and 
t*ducators  in  the  field  of  electrical  engi-  i 
neering,  using  as  a  basis,  the  material  | 
discussed  at  the  Ultra-High-Frequency  | 
Conference  held  at  the  Massachusetts 
Institute  of  Technology  in  the  Fall  of 
1941.  Therefore,  the  material  in  the 
volume  may  be  considered  to  repre¬ 
sent  a  well-balanced  cross-section  of. 
the  information  which  will  be  required 
by  those  working  in  the  field  of  u-h-f 
design  and  applications. 

This  is  not  to  imply,  as  the  title  may  ' 
indicate,  that  the  present  volume  deals  \ 
exclusively  with  ultrahigh-frequency  i 
phenomena.  There  are,  in  fact,  quite  ' 
a  few  chapters  which  are  applicable  I 
to  radio  engineering  at  the  broadcast 
or  even  lower  frequencies.  For  example, 
the  first  three  chapters  dealing  with  j 
Linear  Circuit  Analysis,  Fundamentals  j 
of  Tubes  and  Power  Supplies,  and  i 
Amplification,  are  treated  in  such  a  i 
manner  that  little,  if  any,  of  the  ma-  I 
terial  is  directly  applicable  to  the  ultra-  | 
high-frequency  spectrum.  To  a  less  ' 
extent,  the  same  statement  may  be  j 
made  about  a  number  of  the  other 
chapters,  hut  there  are  five  chapters  ! 
in  which  ultrahigh-frequency  tech-  | 
niques  are  definitely  emphasized.  These 
are  the  chapters  on:  Ultra-High-Fre¬ 
quency  Generators,  Transmission  Lines, 
Radiation,  Propagation,  and  Hollow 
Wave  Guides. 

It  is  in  the.se  last  chapters,  which 
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specifically  treat  u-h-f  circuits  and 
equipment  that  the  present  volume 
makes  its  greatest  contribution,  and 
in  which  many  of  the  more  recent  de¬ 
velopments  are  treated  for  the  first 
time  as  a  unified  whole.  It  is  in  this 
field  that  the  reader,  influenced  by  the 
title,  would  naturally  expect  the  major 
contribution  to  be  made. 

In  general,  the  text  is  definitely  of 
advanced  caliber  and  suitable  for 
graduate  engineers,  or  seniors  or  gradu¬ 
ate  students  in  electrical  engineering 
at  the  better  technical  colleges.  To 
some,  the  book  may  give  the  impression 
of  being  “theoretical”  rather  than 
“practical”  but  it  appears  to  this  re¬ 
viewer  that  such  a  distinction  is  quite 
artificial  (especially  considering  the 
close  relation  which  now  exists  between 
breadboard  laboratory  models  and  pro¬ 
duction  models)  and  could  hardly  be 
supported  by  those  who  could  most 
profitably  benefit  from  the  text. 

As  might  be  expected,  much  of  the 
material  is  of  sufficiently  mathematical 
character  as  to  require  a  good  back¬ 
ground  in  differential  equations  and 
vector  analysis,  and  one  whose  mathe¬ 
matical  ability  does  not  encompass  these 
subjects  cannot  expect  to  reap  the 
maximum  benefits  from  this  volume. 
At  the  same  time  the  mathematics  is 
used  for  engineering  purposes,  and 
wherever  ppssible  the  physical  interpre¬ 
tation  is  indicated.  This  is  particularly 
true  in  the  case  of  the  chapter  on  radi- 
atior\(  where  Maxwell’s  equations  are 
given  not  only  in  the  integral  and 
derivative  form,  but  the  essential  con¬ 
cepts  are  likewise  stated  in  words.  The 
final  chapter  on  hollow  wave  guides 
presents  an  excellent  summary  of  the 


Self-Locking  HOLLOW  SET  SCREWS 

with  Knurled  Points 

AVERT  LOOSE  SET  SCREW  TROUBLE 


ELECTRICAL  TEMPLATES 
SAVE  MAN  HOURS 


When  "UNBRAKO"  Self-Locking  Hollow  Set  Screws  are 
tightened  as  is  customary,  the  knurled  points  "dig  in"  and  hold 
the  screws  tight  regardless  of  vibration.  Yet  the  screw  can  be 
removed  and  re-used  repeatedly. 

Sizes:  From  No.  4  to  I'/j"  diameter. 


U.  S.  a  ” 
Foreian 
Pat’s.  Pend'e. 


Reg.  U.  S.  Pat.  Office 


Knurled  SOCKET  HEAD  CAP  SCREWS 

SPEED  ASSEMBLING 


This  electrical  checker,  developed  by  Vega 
Aircraft  Corp.  engineers,  enables  one  man 
to  complete  the  electrical  testing  of  an  air¬ 
plane  in  2Vit  hours,  a  fob  which  formerly 
required  four  men  12  hours.  Because  of 
the  instrument's  ability  to  determine  in¬ 
sulation  value,  the  operator  can  identity 
readily  the  identification  numbers  of  any 
two  short-circuited  circuits  regardless  of 
their  location.  As  each  set  is  completed, 
the  operotor  presses  o  button  on  the  re¬ 
mote  control  box,  and  the  next  circuit  to 
be  tested  is  selected  automatically.  A 
buzzer  warns  of  any  defect,  while  a  green 
light  flashes  when  all  is  perfect 


The  knurled  head  gears  right  to  the  fingers,  prevents  slipping — 
saves  precious  time.  Also  permits  using  a  pair  of  pliers  to  make 
adjustments  where  a  wrench  might  be  inconvenient.  Knurling  also 
allows  screw  to  be  locked  after  countersinking. 

Sizes:  From  No.  4  to  l'/2  "  diameter. 

Write  for  "UNBRAKO”  Catalog — NOW 

Standard  Pressed  Steel  Co. 

JENKINTOWN,  PENNA.  BOX  596 
- BRANCHES - 

BOSTON  •  DETROIT  •  I  NOIANAPOLIS  •  CHICAGO  'ST.  LOUIS  •  SAN  FRANCISCO 


Keerlieg  of  Socket 
Screws  originated 
with  "Unbrako" 
years  ago. 


November  1942  ELECTRONICS 


f 


I  Mg  MO 


ur't.c 


as  any  textbook  can  be,  and  flatters 
this  magazine  by  making  reference 
several  times  to  the  material  on  Ultra 
High  Frequency  Technique  originally 
appearing  in  the  April  1942  issue. 

A  word  should  be  said  about  the 
general  printing  and  binding.  The  book 
is  printed  in  an  offset  process,  so  that 
the  pages  resemble  a  typewritten  manu¬ 
script  and  the  diagrams  are  not  always 
uniform.  The  general  impression  is 
that  the  book  was  produced  as  quickly 
as  possible,  but  this  is  no  disadvantage 
when  one  considers  the  rapidity  with 
which  developments  are  being  made  in 
the  communications  field  and  the  im-  j 
portance  of  u-h-f  developments.  A  | 
work  of  this  scope  which  has  been  | 
produced  in  less  than  a  year  is  no  I 
mean  accomplishment,  and  all  things  I 
considered,  the  book  appears  to  be  quite 
(although  not  completely)  free  from 
errors  of  commission.  Certain  errors 
of  omission  are  more  readily  apparent, 
for  there  is  little  material  on  transit 
time  effects  or  on  the  input  admittance 
of  the  usual  types  of  negative  grid 
control  tubes  operated  at  high  fre- 
'  quencies.  The  sections  dealing  with 
radio  receivers  are  rather  skimpy  and 
I  the  u-h-f  receiver  developments  which 
have  already  appeared  in  the  literature 
are  largely  conspicuous  by  their  ab¬ 
sence.  There  is  no  treatment  of  u-h-f 
measurements  as  such  although  the 
final  chapter,  entitled  “Laboratory 
Manual”  is  partial  compensation  for 
this  omission. 

But  the  overall  impression  is  the 
principal  item  of  interest  to  the  reader, 
and  it  can  be  truthfully  said  that 
“Ultra  High  Frequency  Technique”  is 
a  definitely  worthwhile  contribution  to 
the  engineering  literature  on  electrical 
communication.  It  is  probably  the  first 
volume  of  serious  nature  which  aims 
to  present  recent  u-h-f  developments  as 
part  of  the  stock  of  knowledge  which 
the  communications  engineer  should 
have  at  his  finger  tips.  It  undoubtedly 
is  a  landmark  in  communication  litera¬ 
ture  and  might  well  be  on  the  book 
shelf  (if  not  on  the  desk)  of  every 
communication  engineer. — B.  D. 
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anniversary  of  Rutgers  University,  are 
included  in  this  little  volume  published 
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Langmuir,  “Nuclear  Physics  and  Biol¬ 
ogy”  by  Ernest  O.  Lawrence,  with  com¬ 
mentaries  by  Leslie  A.  Chambers  and 
.1.  R.  Dunning. 

Each  of  these  essays  is  a  brilliant 
and  direct  treatment  of  one  particular 
branch  of  physical  development.  They 
are  written  in  a  manner  which  reminds 
one  of  the  simple,  direct  writings  of 
Michael  Faraday,  his  essay  on  the 
candle,  for  example.  These  essays 
should  prove  useful  to  those  who  de¬ 
sire  a  brief,  concise  survey  of  some  of 
the  more  important  developments  in 
physics,  with  an  indication  of  their 
implications. — b.d. 

Learning  the  Radio  Telegraph  I 
Code  I 

By  John  Huntoon,  Published  by 
American  Radio  Relay  League,  West 
Hartford,  Conn.,  Si  pp.  of  text.  Price 
$0.25. 

This  little  booklet  is  primarily  de¬ 
signed  to  fill  the  need  of  those  who  find 
it  necessary  or  desirable  to  master  the 
ability  to  send  and  receive  Morse  code 
signals.  The  book  is  divided  into  six 
chapters  entitled:  Learning  the  Code, 
Learning  to  Send,  High  Speed  Opera¬ 
tion,  Operating  On  the  Air,  Code  Prac¬ 
tice,  and  Class  Instruction. 

The  text  advocates  the  method  of 
learning  based  on  oral  rather  than 
visual  recognition  of  sounds  making  up 
the  Morse  alphabet.  Thus,  the  radio 
telegraph  code  is  considered  in  the 
light  of  another  languag^e  having  its 
peculiar  pronounciation  and  syllables. 
This  approach  is  in  accord  with  what 
are  considered  to  be  the  best  practices 
at  the  present  time. 

Simple  equipment  for  making  buzzer 
or  oscillator  tests  an  example  or  lesson 
for  practice  are  included. — b.d. 


Mobile  radio  equipment  installed  in  a 
powerful  automobile  is  operated  by  a 
gasoline  motor  which  also  generates  elec¬ 
tricity  and  enables  the  police  department 
to  broadcast  and  receive  messages  in  any 
emergency 
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Backtalk 


This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronic  industry  or 
comment  on  articles 
which  ELECTRONICS 
has  published 


(Question 

I 

I  WOULD  LIKE  to  see  a  question  and  i 
answer  section  in  Electronics. 

Mozart  Johnson,  , 

Olendalc,  VnliJ. 

•  Nothing  would  suit  Electronics  bet¬ 
ter.  To  start  the  ball  rolling  we  will 
ask  the  first  question,  one  which  was 
posed  to  us  recently.  The  diagrams  be¬ 
low  represent  a  first  stage  audio  ampli¬ 
fier  feeding  a  push-pull  stage.  A  choke 


A  B 


is  used  to  feed  d.c.  to  the  first  tulie  and 
a  condenser  is  used  to  keep  the  d.c.  out 
of  the  push-pull  input  transformer  pri¬ 
mary.  Does  it  make  any  difference 
which  of  the  four  connections  is  used? 

— The  Editiirs. 


RC  OM*illator»i 

UONSIDERABLE  SPACE  has  been  devoted 
recently  in  Electronics  to  an  interest¬ 
ing  one-tube  oscillator  circuit  which 
uses  a  negative-transconductance  tube 
to  generate  quasi-sinusoidal  oscillations 
with  K  and  C  elements  only'’  *■  \  .411 

of  the  analyses  have  been  applied  to  a 
relatively  special  form  of  circuit  in 
which  the  unavoidable  “stray”  capaci¬ 
tance  across  the  control  grid  resistor 
is  neglected.  The  paucity  of  references 
given  indicates  unfamiliarity  with  the 
literature  on  the  subject. 

.4bout  seven  years  ago.  I  published 
the  complete  analysis  of  this  oscil¬ 
lator*,  in  which  all  capacitances  -were 
included  and  in  w’hich  possible  current 
fiow  to  the  control  electrode  (inverse 
transconductance)  was  also  taken  into 
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CREI  Technical  Training  Enables  You  To  Go  After— and  Get 
The  Better-Paying  Jobs  That  Will  Always  Mean  Something  in  Radio 


Mr.  Radioman  let’s  face  the  facts.  Present- 
day  conditions  which  surround  employment 
and  promotion  in  all  branches  of  both  civil¬ 
ian  and  military  radio  are  actually  unbe¬ 
lievable.  The  tremendously  expanded  de¬ 
mand  for  technically  trained  radiomen  has 
created  a  condition  wherein  there  are  many 
more  jobs  than  qualified  men  to  fill  them. 

Manufacturers  are  offering  increased  base 
pay  to  attract  new  additions  to  their  staffs. 
The  (.'ivil  Service  Commission  has  revised 
its  Standards  in  many  of  its  examinations, 
and  the  .\rmy.  Navy  and  Marine  Corps  are 
offering  to  properly  qualified,  technically- 
trained  radiomen  ratings  as  high  as  staff 
sergeant  and  chief  radioman  as  an  induce¬ 
ment  to  enlist.  .\11  of  this  means  that  Oppor¬ 
tunity  .  .  .  is  here,  non  ! 

Hundreds  of  men  have  had  new  jobs  al 
comparatively  high  pay  literally  thrust  upon 
them.  The  (uvil  Service  Commission  in  a 
letter  addre.ssed  to,  and  requesting  the  aiil 
of.  Members  of  the  Institute  of  Radio  Engi¬ 
neers  wrote:  “Engineers— and  today,  partic 
ularly  radio  engineers-  -are  needed  in  the 
government’s  drive  for  Victory.  Publicity 
has  been  extensive,  appeals  to  individual' 
have  been  numerous,  to  get  qualified  engi 
neers  on  the  employment  rolls  of  the  Civil 
Service  Commission  in  order  that  jobs  ma\ 
be  filled  in  vital  war  agencies  on  the  shoite-t 
I  jmssible  notice.” 

I  Every  page  in  Klectronics  could  be  filled 
I  with  more  astounding  facts  concerning  em¬ 
ployment  iqiportnnities  for  trained  radin- 
men  .  .  .  but  this  is  not  news  to  the  major¬ 
ity  of  you  who  are  now  in  radio.  It  may  be 
'  evident  in  your  own  locality.  The  important 
thing  is  .  .  .  what  are  you  going  to  do  to 
'  obtain  the  greatest  benefit  from  the  jwesenl 
otHtortnnitiesy 


If  you  have  a  commonplace  job  a  tern 
porary  job.  If  you  are  a  “ham”  who  would 
like  to  make  your  acocation  your  vocation¬ 
'll  you  have  the  ambition  to  hold  a  position 
of  greater  responsibility  with  higher  pay  . . . 

.  .  .  then  enrolling  for,  and  completing  a 
CREI  home  study  course  in  Practical  Radio 
Engineering  is  the  most  important  thing  you 
can  do  toward  accomplishing  your  ambition 
at  this  most  opportune  time. 

CREI  Training  Leads  To  Better  Jobs 

"On  February  6  I  wa,s  employed  by  the  Vetta  .Vir 
craft  Curp.  in  the  electrical  precLsion  as.sembl>  cle 
partmenl  on  the  strenirth  that  I  was  enrolled  with 
your  »-hool.”  -  -Charles  F.  Hampton.  .'l/CJ 

CREI  Training  Leads  To  Promotions 

"I  wi.sh  to  say  that  I  believe  CREI  has  he»-ii  in 
sinimental  in  making  my  pniinotion  possible.  a> 
considerable  background  in  radio  Ls  necessarv  he 
tore  an  operator  can  l>e  traasferretl  from  the 
Communication  Section  to  the  Maintenance  S«-c 
tion." 

— lion  W.  Lowrey. 

S«-nior  Radio  Electrician.  C.VA.  '\H‘l 

CREI  Training  Helps  Hold  New  Jobs 

"I  am  writing  this  letter  to  tell  you  that  again 
CREI  ha-i  been  a  tremendous  help,  since  I  was 
studying  the  lesson  on  CR  tubes  and  had  meivesl 
the  Television  lessons.  I  really  obtained  the  infor¬ 
mation  I  needetl  about  wide  l>and  amplillers  from 
Lesiion  10  of  the  Television  Course.  That  le.sson  is 
<-ertainly  crammctl  chuck  full  of  information  on 
peaking  circuits  of  which  ainpliers  of  the  :!0.' 
.dcope  has  several.  It  reaUy  makes  one  appreciate 
the  CREI  course  when  It  falls  in  so  readily  with 
everyday  work.” 

— Oscar  Carlson.  RC.\  Corp.  2/-1:! 

SEND  FOR  THIS  FREE  BOOKLET 
WRITE  FOR  FACTS  TODAY 
about  CREI  Horn*  Study  Coursos 
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better  enpineering  Job.  To  help  us 
intelligently  answer  your  inquiry, 
please  state  briefly  your  background 
of  experience,  education  and  present 
position. 


- CREI  STUDENTS  AND  GRADUATES.  ATTENTION!  - 

The  CREI  Placement  Bureau  is  fliMvdcd  with  requests  for  CREI  trained  radiomen. 
Employers  in  all  branches  of  radio  want  trained  men.  Your  jtttvernment  wants  every 
man  to  perform  his  job.  or  be  placed  in  a  job,  that  will  allow  him  to  woric  at 
maximum  productivity.  If  you  jre  nr  wilt  he  in  need  of  re-employment  write  you; 
CREI  Placement  Bureau  at  once. 


CAPITOL  RADIO  ENGINEERING  INSTITUTE 

E.  H.  RIETZKE,  President 

Home  Study  Courses  in  Practical  Radio  Engineering  for  Professional 
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account.  In  another  connection  and  in  conductance  tube  be  used  for  obtaining 
a  subsequent  publication,  the  deriva-  selectivity,  the  curves  of  my  paper 
tion  was  repeated  with  the  inverse  show  exactly  this  effect.  Figures  2  and 
transconductance  omitted,  for  sim-  3  of  the  paper  are  plots  of  the  input 
plicity®.  By  the  use  of  the  usual  com-  impedance  of  a  tube  connected  in  the 
plex  number  a-c  theory,  the  solution  circuit  under  discussion.  When  tht 
was  derived  almost  by  inspection,  in  transconductance  or  the  feedback  ca- 
three  lines.  Interested  readers  are  fe-  pacitance  is  increased,  the  curves  show 
ferred  to  the  last-mentioned  publica-  increasing  selectivity.  The  solution  foi 
tion.  Because  of  the  symmetry  of  the  this  non-oscillatory  case  is  also  giver 
complete  case  the  solution  is  as  simple  in  my  paper  and  indicates  what  the  re 
to  visualize  as  the  incomplete  ones  of  suits  will  be  with  an  ideal  tube  when 
De  Laup,  Nottingham,  and  Jordan.  At  a  given  order  of  stability  is  requireci 
the  higher  audio  frequencies,  the  com-  Application  of  the  equations  given 
plete  solution  is  necessary  to  obtain  shows  that,  for  commercially  availabli 
agreement  with  experiment.  tubes,  the  proposal  of  Mr.  Jordan  is 

The  original  analysis,  which  I  made  only  useful  in  the  audio  range  of  frt- 
during  1933,  predicted  the  sinusoidal  quencies.  Above  20  to  30  kc  or  so,  a 
nature  of  the  oscillations  generated  by  relatively  small  increase  of  tube  trans- 
a  negative  transconductance  tube  with  conductance  will  change  the  response 
resistance  and  capacitance  only.  The  curve  from  a  flat  one  to  that  of  infinite 
predicted  behavior  caused  me  some  selectivity,  i.e.,  self-oscillation.  Even  in 
surprise  especially  when  I  found  that  the  audio  range,  the  effective  selectivity 
the  circuit  had  been  published  by  Van  is  a  rapidly  varying  function  of  trans- 
der  Pol*  many  years  ago  as  a  relaxa-  conductance  and  so  does  not  possess  the 
tion  oscillator,  presumably  non-sinu-  stability  of  inverse-feedback  circuits 
soidal.  His  findings  were  supported  by  for  the  same  purpose. 

Page  and  Curtis’  and  in  these  early  E.  W.  Herold 

papers,  there  is  no  mention  of  the  sine-  Research  Laboratories  RCA  Manufacturing 
wave  possibilities.  As  a  result,  during  Co.,  Harrison.  N.  J. 

1934  I  made  experimental  checks  in 

which  the  frequency  and  condition  for  REFERENCES 

oscillation  were  measured  and  found  ^eLaup,  Paul  S..  Electron irs.  Jan. 

to  be  in  close  agreement  with  my  afore-  1941. 

mentioned  analvsis  for  freouencies  un  (2)  Jordan,  Stanley  H.,  The  Controlled 
menwonea  analysis  lor  irequencies  up  Transitron  Oscillator,  Electronics,  p.  42. 

to  a  hundred  kilocycles  or  so.  At  still  July  1942. 

hic^her  radio  freouencies  obtainable  Nottingham,  B.,  Letter  to  Editor, 

nigner  rauio  irequencies,  ooiainaoie  electronics,  p.  109.  July  1942. 

with  special  tubes,  the  agreement  was  (4)  Ilerold,  E.  W.,  Negative  Resistance 
less  accurate,  presumably  due  to  diffi-  ^’^p**l20*/  Oct^^935  ’ 

culty  in  properly  measuring  stray  ca-  (5)  Herold,  E.  W.‘,  .\n  Analysis  of  Ad- 
nacitances  mittance  Neutralization  by  Means  of  Negn 

^  .  .  .  j...  tive  Transconductance  Tubes,  Proc.  I.R.E., 

There  is  an  important  condition  vol.  25.  p.  1399.  Nov.  1937. 
which  is  physically  necessary  before  y®."  der  Pol,  B.,  Relaxation  Oscilla- 

.  ,  ,  .  .  .j  ,  /.  tions,  Phtl.  Mag..  Vol.  2.  p.  978.  1926. 

stable  quasi-sinusoidal  oscillations  can  (7)  Page.  R.  M.  and  Curtis,  W.  F..  The  Van 
be  realized  and  which  has  not  been  der  Pol  ^mr-Electrode  Tube  Relaxation 
..  J  .  1  mi.*  Oscillation  Circuit,  Proc.  J.R.E.,  Vol.  18. ’p. 

mentioned  in  your  columns.  This  con-  1921  nov.  1930. 

dition  requires  that  the  tube  used  be  api^ndix  to  Reference  4. 

'9)  Watanabe,  Y.,  Some  Remarks  on  Mul- 
biased  close  to  a  point  of  maximum  tivibrator,  Proc.  I.R  E.,  Vol.  18,  p.  327, 
negative  transconductance  so  that  the  Feb.  1930. 
small-signal  solution  obtained  by  the 
analysis  remains  valid*.  It  was  lack  of 
appreciation  of  this  condition  that 
probably  prevented  prior  workers  from 
finding  the  effect.  As  applied  to  the 
pentode  tube,  the  condition  may  be 
written 

Concentric  Transmission  Lines 

=  0 

,  While  glancing  over  the  May,  1942 

issue  of  Electronics  I  came  across  a 
where  is  the  No.  2  grid  current  short  article  by  Raymond  E.  Snoddy 
and  Eci  is  the  No.  3  grid  voltage,  on  “Concentric  Transmission  Lines,” 
The  condition  merely  states  that  the  wherein  he  calculates  the  electrical 
introduction  of  an  alternating  grid  vol-  length  of  a  section  of  the  above  type 
tage  cannot  give  rise  to  an  increase  in  of  line.  In  order  to  find  the  electrical 
average  transconductance  and,  thus,  wavelength  in  the  manner  suggested 
lead  to  a  large  oscillation  amplitude,  there  it  is  necessary  to  know  the  ca- 
The  same  restrictive  condition  was  for-  pacity  and  inductance  per  unit  length, 
mulated  for  the  sinusoidal  oscillations  the  characteristic  impedance,  and  the 
of  a  two-tube  multi-vibrator  by  Wat-  resistance  and  conductance  per  unit 
anabe®.  We  may  conclude  that  oscilla-  length.  Armed  with  this  information 
tors  of  this  type  must  be  operated  one  must  then  calculate  the  wavelength 
“Class  A”  in  order  to  give  good  voltage  constant  and  propagation  constant  be- 
wavefrom.  This  requirement  is  in  con-  fore  the  electrical  length  can  be  found, 
trast  with  that  of  L-C  type  oscillators  As  a  general  rule  the  only  infor- 
in  which  the  tube  may  be  operated  mation  which  one  possesses  about  a 
“Class  C”  and  still  result  in  low  har-  particular  type  of  line  is  the  char- 
monic  content  across  the  tuned  circuit,  acteristic  impedance.  A  very  simple 
In  connection  with  suggestion  of  measurement  or  almost  equally  simple 
Mr.  Jordan*  that  the  negative-trans-  calculation  will  usually  disclose  the  ca- 


CARBONYL 


IRON  POWDER 


SETTING 
A  NEW  HIGH 


IRON  CORE 
PERFORMANCE 


At  present  available 
in  three  types,  G.  A.W. 
Carbonyl  Powder  — 
combining  high  effec¬ 
tive  permeability  and 
highest  Q  value — is 
of  increasing  impor¬ 
tance  to  leading  core 
manufacturers  sup¬ 
plying  the  carrier  and 
high  frequency  fields 
where  the  highest  ef¬ 
ficiency  is  required. 


Other  powders  now 
being  developed.  We 
will  appreciate  your 
letting  us  know  your 
requirements. 


Write  for  further 
information 


A  DIVISION  OF 

General  Aniline  and  Film  Corp. 

435  Hudcon  St.  New  York.  N.  Y. 

Manufacturers  and  sole  distributors 


November  1942  —  ELECTRONICS 


pacity  per  unit  length  if  it  is  not 
known.  With  these  two  constants  only 
it  is  possible  to  calculate  the  wave¬ 
length  in  the  following  manner:  Ter- 
man  states  the  wavelength  of  a  line  is 
given  with  a  high  degree  of  accuracy 


Quick  Delivery 
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where  L  and  C  are  the  series  induc¬ 
tance  and  shunt  capacity  per  unit 
length  respectively.  Since  the  char¬ 
acteristic  impedance  Z,  =  VL/C  and 
the  VLC  =  C  ylL/C  it  is  merely 
necessary  to  substitute  this  value  in 
the  above  equation  which  then  reads 


This  simplified  formula  should  be  of 
value  to  those  who  work  with  trans¬ 
mission  lines  particularly  on  the  ultra- 
high  frequencies  where  it  often  be¬ 
comes  necessary  to  know  the  electrical 
wavelength  for  such  applications  as 
phasing  sections  for  directive  antenna 
arrays. 

Substituting  the  values  given  in  the 
article  by  Mr.  Snoddy  and  solving  for 
the  quarter  wavelength  section  yields 
an  answer  of  311.5  as  against  311.4 
found  by  the  author.  This  is  close 
enough  for  all  practical  purposes  as  is 
evidenced  by  the  difference  of  0.4  feet 
between  Mr.  Snoddy’s  calculated  and 
experimental  values. 

Stanley  Cutler, 

Los  Angeles,  Calif. 
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Dr.  N.  C.  Beete,  Wettinghouse  research 
engineer,  is  shown  measuring  the  amount 
oi  fatigue  oi  a  piece  oi  iluorescent  glass 
when  exposed  to  constant  and  continued 
ultraviolet  radiations.  Research  on  the  fa¬ 
tigue  phenomenon  showed  that  the  mole¬ 
cules  responsible  ior  iluorescence  get 
"tired"  and  lose  an  appreciable  amount  oi 
their  activity  when  excited  ior  long  peri¬ 
ods  oi  time,  but  regain  their  strength  oiter 
suitable  rest  periods  in  the  dark 
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Victory  depends  on 

COMMUNICATIONS 


On  America’s  far-flung  battle  fronts,  radio  com¬ 
munications  are  speeding  the  ultimate  victory. 
At  home  and  abroad,  wherever  our  combat  units 
are  in  training  or  in  action,  BUD  Products 
prove  their  dependability  under  all  conditions. 

BUD  RADIO, ‘Inc.  *  Cleveland,  Ohio 


Arnold’s  Aim 


{Continued  from  page  43) 


“The  procedure  is  easily  under¬ 
standable.  You  buy  every  conceiv¬ 
able  patent  that  has  a  bearing  on 
processes  of  manufacture  of  a  par¬ 
ticular  commodity.  You  pool  them, 
license,  and  cross-license  so  that  you 
have  a  complete  armory  for  infringe¬ 
ment  suits  against  weaker  concerns, 
thus  compelling  them  to  keep  out  of 
your  field  or  sell  to  you  at  your  price 
so  that  you  in  turn  can  circumscribe 
production  and  dictate  prices  as  you 
see  fit.  If  there  are  big  competi¬ 
tors  that  cannot  be  bought  in  or 
frozen  out,  you  combine,  to  the  same 
end. 

“Thus  from  1926  to  the  outbreak 
of  the  war”  Mr.  Arnold  continues, 
“our  great  international  and  domes¬ 
tic  cartels  got  a  stranglehold  on  the 
production  of  basic  materials  and 
many  consumers’  necessities,  for  ex¬ 
ample,  drugs,  light  metals  such  as 
magnesium  and  beryllium,  synthetic 
rubber,  gasoline  both  natural  and 
synthetic,  chemical  products,  glass 
and  optical  instruments.  The  build¬ 
ing  trade  became  a  mass  of  cartel 
restrictions,  su’  -.u-essing  experimen¬ 
tation  by  ip<j»  ndent  enterprises, 
preventing  'ne  mass  production  of 
houses,  so  that  even  an  inadequate 
housing  program  required  vast  na¬ 
tional  subsidies. 

“Wreck  the  patent  system!”  Mr. 
Arnold  exclaimed.  “What  I  want  to 
do  is  to  save  it — save  it  for  the  good 
of  our  people  and  save  it  from  for¬ 
eign  domination.  We  must  not  let 
ourselves  be  the  dupe  of  Germany 
because  of  cartel  agreements.  Yet 
that  is  what  happened!” 

On  July  31,  1942,  the  Assistant 
Attorney  General  submitted  to  sena¬ 
tors  a  draft  of  legislation  to  curb 
“illegitimate”  use  of  patents.  Speak¬ 
ing  before  the  senate  patents  com¬ 
mittee,  Mr.  Arnold  stated:  “Briefly, 
the  bill  provides  as  follows :  First,  no 
infringement  action  can  proceed 
without  having  a  copy  of  pleadings 
served  upon  the  Attorney  General 
who  has  the  right  to  intervene. 
Second,  any  use  of  a  patent,  includ¬ 
ing  any  unreasonable  failure  or  re¬ 
fusal  to  grant  licenses  thereunder, 
which  has  the  effect  of  unreasonably 
limiting  the  supply,  of  any  article 
I  moving  in  interstate  commerce  is  de- 
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flared  to  be  illegal,  and  a  judgment 
or  conviction  that  a  patent  had  been 
so  used  renders  the  patent  null  and 
void.  Third,  the  criminal  penalty  , 
for  such  misuse  of  a  patent  is  made  , 
inapplicable  where  prior  full  dis-  ! 
closure  has  been  made  to  the  At-  ' 
torney  General.  Fourth,  all  patent  ' 
assignments  and  licenses  must  be 
in  writing  with  a  copy  filed  with  the 
Attorney  General.”  ! 

With  the  cleaning  up  of  patent 
abuses,  one  by  one,  and  the  reform 
of  the  patent  law  to  meet  present 
conditions,  Mr.  Arnold  envisages  a 
new'  era  of  economic  expansion  and 
higher  living  standards  in  the  post¬ 
war  period — an  era  featuring  new- 
chemical  processes,  light  metals,  and 
plastics.  Magnesium,  which  is 
tw-enty  times  as  abundant  as  the 
basic  supply  of  copper,  lead,  zinc 
and  nickel  would  be  released  from 
patent  restrictions  and  flow  freely 
into  the  channels  of  industry.  And 
so  w  ith  aluminum,  the  most  abundant 
metal,  and  many  others,  the  full  ex¬ 
ploitation  of  which  has  been  severely 
thwarted  through  patent  abuses. 
Plastics,  based  on  chemicals  whose 
supply  is  unlimited  can  take  the  place 
of  glass,  steel,  and  other  metals. 

“To  bring  in  this  new-  era,  w-e  must, 

,  once  and  for  all,  rid  ourselves  of 
I  our  sluggish,  non-competitive  scarc- 
!  ity  ideas.”  Mr.  Arnold  warns. 
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long-popular  Aerovox  "10"  series  Hyvol 
capacitor.  Note  the  double  terminals — 
spaced  on  the  stepped  bakelite 
threaded  terminal  post.  This  means  the 
can  of  this  handy  inverted-screw-mount- 
ing  capacitor  is  now  insulated  or  "float¬ 
ing".  No  longer  is  an  insulator  washer 
required  when  non-grounded  mounting 
on  a  metal  chassis  is  desired. 


As  handy  to  install  as  the  usual  metal- 
con  electrolytic.  And  just  as  compact. 
600  to  1500  T.  D.C.W.  .5  to  4  mid. 

e  U  you  do  not  alreody  have  a  copy  ot  our 
Transmitting  Capacitor  Catalog  in  your 
working  library,  write  today  on  your 
business  stationery,  tor  your  copy. 


Sodium  light  is  being  used  in  several  im¬ 
portant  war  plants  for  surface  inspection 
by  microscope,  because  of  its  efficiency  in 
the  detection  of  pits,  cracks,  and  flaws  in 
materials.  The  sodium  lamp  is  essentially 
an  arc  lamp,  and  differs  from  the  incan¬ 
descent  in  that  it  requires  a  special  socket 
and  individual  control  for  each  lamp.  The 
unusual  perception  of  detail  under  sodium 
illumination  is  due  to  the  monochromatic 
‘  nature  of  the  light 
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Announcing 

AUTOMATIC 


WAX-COATING 

OF  SMALL  PARTS! 

With  this  nww  Dipping, 
Impregnating  and  Centrifuging 
Machine 

•  Incredible  economy 
e  Extreme  simplicity 

e  EliminaUon  of  waste 

•  ^ster  production 

•  Finest  mechanical  design 

•  Wholly  or  Semi-automatic 

•  Safety  features — no  fire  hazard 
— wUl  pass  underwriter’s  inspec¬ 
tion. 

•  Pilot  light  and  accurate  instru¬ 
ment  control  of  wax  and  air  tem¬ 
peratures;  and  electrical  and 
mechanical  operations. 

•  Absolute  coating  of  surfaces, 
punch-holes,  thin  edges,  etc. 

For  the  moisture-proofing  of  small  parts, 
delicate  or  rugged,  at  high  speed  and 
without  breakage — to  insure  operation  and 
stability  under  all  conditions  of  dampness 
or  moisture,  in  the  stratosphere  or  on  the 
ground — this  machine  has  been  dereloped 
in  conjunction  with  one  of  the  largest  goT- 
emment  contractors  making  airplane  radio 
parts  and  equipment. 

Whether  it  be  hot-woxing  of  mica,  plastic 
or  porcelain  radio  ports,  enameling  or  hot 
tin  dipping,  we  can  furnish  you  with  appa¬ 
ratus  designed  and  dereloped  to  do  each 
in  the  quickest  and  most  economical  monner. 

Machines  now  may  be  purchased  by  goT- 
emment  contractors  or  high  prlority-roted 
concerns. 

We  are  prepared  to  coat  your  products  on 
an  economical  contract  basis. 

Wire  or  write  for  foil  details 

PRODUCTION 
ENGINEERING  CORP. 

644  VAN  HOUTEN  AVE. 
CLIFTON  NEW  JERSEY 

Telepheiw:  PASSAIC  2-5U1 


Rebuttal  to 
Arnold 


{Continued  on  page  46) 


Even  more  positive  was  the  danger 
signal  recently  hoisted  by  S.  Ches¬ 
terfield  Oppenheim,  Professor  of 
Law,  George  Washington  University. 
“While  abolition  of  the  patent  sys¬ 
tem  is  really  not  in  issue,”  said  Pro¬ 
fessor  Oppenheim,  “there  is  never¬ 
theless  danger  that  in  the  zeal  for 
ridding  the  system  of  evils  the  re¬ 
wards  of  the  patent  will  be  whittled 
away  to  the  point  of  seriously  im¬ 
pairing  incentives  to  invent  and 
causing  a  flight  of  capital  from  in¬ 
ventions  inadequately  protected  by 
law  in  the  initial  stage  of  commer¬ 
cial  development.” 

Subsidization  of  research  by  gov¬ 
ernment,  which  Mr.  Arnold  favors, 
will  never  take  the  place  of  the  large 
number  of  individual  inventors, 
working  on  their  own  through  years 
of  experimentation  in  out  of  the  way 
places — the  Ketterings,  the  Edisons, 
the  Bells  and  a  host  of  other  lesser 
knowns.  Mr.  Penning  contends : 
“There  is  no  need  of  subsidized 
Government  research  facilities  as 
long  as  the  law  continues  to  give 
patents  strong  enough  protection  to 
protect  speculative  money  invested 
in  patent  inventions.” 

Mr.  Penning  does  not  hold  at  all 
with  the  view  so  frequently  expressed 
by  Mr.  Arnold  to  the  effect  that 
patents  have  been  withheld  from  use, 
thereby  curtailing  the  production 
and  distribution  of  consumer  goods 
and  commodities.  “Repeated  elabor¬ 
ate  investigations,”  said  he,  “have 
failed  to  reveal  even  a  single  unfair 
suppression  of  patented  invention. 
Despite  many  allegations  to  the  con¬ 
trary,  no  one  has  ever  been  able  to 
show  a  single  instance.  It  is  a  most 
serious  charge  constantly  recurring 
against  patent  owners,  the  idea  be¬ 
ing  that  an  important  invention  is 
suppressed  because  it  might  ad¬ 
versely  affect  the  profits  of  the  cur¬ 
rent  device  or  method.  The  myth  of 
the  alleged  carburetor  that  would 
secure  seventy-five  miles  per  gallon 
of  gas  being  suppressed  by  the  auto¬ 
mobile  and  gasoline  companies  is 
typical.  The  Oldfield  hearings  in 


SAVES 
MAN-HOURS 

RELEASES  MEN 
AND  WOMEN 
FOR  OTHER  WORK 

Speed  production!  Save  hours 
and  dollars  now  spent  on  copy* 
inf  and  tracing  originals. 

APECO  makes  copies  up  to 
18x22''  photographically.  1  to 
100  copies  or  more.  No  chance 
for  errorl  No  need  for  proof* 
reading!  Aceepable  to  engineers 
and  Courts  of  Law.  Used  today 
by  leaders  in  industry. 

FOOLPROOF  OPERATIONI 

With  APECO  anyone  can  make 
photo-exact  copies  easily  on 
desk  or  table,  in  the  privacy 
of  your  ofice  or  plant.  No  skill 
or  dark  room  needed ! 

IMMEDIATE  DELIVERY 

~-on  machines  and  supplies.  • 
Get  the  facts.  Learn  how  * 
otherg  in  your  /ie/d  have  bene*  ' 
filed.  Represientatives  in  all 
principal  cities  and  Canada. 
Write  for  free  folder  NOW. 


CUT  TIME  ON 
COPIES  OF— 

BLUEPRINTS 
PRIORITY 
SPECIFICA. 
TIONS 
LETTERS 
RECORDS 
RECEIPTS 
DRAWINGS 
TRACINGS 
SPECIFICA. 
TIONS 
LEGAL 
PAPERS 
PHOTOGRAPHS 
WORK  ORDERS 
STATISTICS 
CHARTS 
BULLETINS 


^5 

F  O  •  CHICAGO 


AMERICAN  PHOTOCOPY 
EQUIPMENT  COMPANY 


2B49  N.  Clark  Si. 


Chicago,  III. 


JONES 

BARRIER  STRIPS 

SOLVE  MOST  TERMINAL 
PROBLEMS 


No.  Ill 


A  compact,  sturdy  terminal  strip  with 
Bakalite  Barriers  that  provide  maxi¬ 
mum  metal  to  metal  spacing  and  pre¬ 
vent  direct  shorts  from  frayed  wires 
at  terminals. 

4  SIZES 

cover  every  requirement.  From 
wide  and  13/32"  high  with  5-40  screws 
to  2*/2"  wide  and  l*/|"  high  with 
'/l"-28  screws. 

Jones  Barrier  Strips  will  improve  as 
well  as  simplify  your  electrical  intra¬ 
connecting  problems.  Write  today  for 
catalog  and  prices. 


HOWARD  B.  JONES 

2300  WABANSIA  AVENUE. 
CHICAGO  ILLINOIS 
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1912,  the  Stanley  hearings  in  1922, 
the  McFarlane  hearings  in  1938,  and 
the  Temporary  National  Economic 
Committee  in  1939  pursued  the  sub¬ 
ject  with  vigor  without  finding  a 
single  instance  of  such  suppression. 
This  alleged  suppression  of  patents 
is  a  basic  argument  used  by  advocates 
of  compulsory  licensing  of  patents. 
The  interest  of  the  patent  owner 
lies  in  the  direction  of  using  any 
invention  that  really  accomplishes  its 
purpose  more  satisfactorily  than  the 
existing  art,  and  this  is  the  obvious 
reason  why  suppression  of  patents 
cannot  be  found.” 


WHEN  THE  CENSOR 
LIFTS  THE  BAN.'. 


To  Cur*  tht  Disease,  Kill  the  Patieat? 

The  bitterest  opponents  of  Mr. 
Arnold’s  patent  reform  schemes 
freely  admit  that  patents  have  from 
time  to  time  been  abused,  for  the 
most  part  in  connection  with  com¬ 
mercial  combinations  in  restraint  of 
trade  and  in  furtherance  of  monopoly 
violating  the  anti-trust  laws.  They 
point  out,  however,  that  this  only 
happened  when  patent  holders  acted 
outside  the  rights  conferred  upon 


840  BARRY  STREET 


NEW  YORK,  N. 


SUN  TAN  RAYS  MEASURED 


TEMPERATURE 

HUMIDITY 

PRESSURE 


If  you  want 

TEN  NEY 


TENNEY  Units 


Standard  units  from  — 40*  F.  to  40®  F.  Units  built 
to  order  on  specifications  from  —90°  F.  to  320°  F. 
with  variations  as  close  as  1  10°  F". 

For  illustrated  booklet  describing  Tenneyspbere  High 
■Mtitude  Chambers,  Constant,  and  Variable  remi»erature 
Itatlis,  Temperature  and  Humidity  Cabinets,  Cycle  Tanks, 
and  Weathering  Cabinets,  with  specifications  for  many 
M-ore  installations,  write  Dept.  “E”. 

TENNEY  E  N  G  I  N  E  E  R  I  N  (;  .  INC. 

Sa  Elm  Street  Montclair,  N.  J. 


D.  E.  Henry,  Westinghouee  electronics 
engineer,  ciocks  sensitive  new  sun  meas¬ 
uring  instruments  as  they  record  quan¬ 
tities  of  ultravioiet  sun  Ian  rays.  The  new 
instruments  wili  make  daiiy  measure¬ 
ments  oi  U.  S.  "suniali"  possible  ior  the 
first  time  in  history  as  part  oi  a  nation¬ 
wide  health  study.  Even  on  cloudy  days 
the  electronics  cells  in  the  meters  operate 
by  detecting  the  invisible  ultraviolet  which 
penetrates  through  clouds  and  haze.  The 
instruments  have  proved  thot  cloudy  days 
are  often  as  good  ior  sun  tan  as  days  oi 
sunlight 


If  you  need  any  quantity  from  just  a  few  duplicated  parts  up 
to  sizable  production  runs  —  you  can  often  make  them  faster 
and  avoid  die  expense  and  delay  by  using  DI-AC  RO  Preci-  .  * 
sion  machines  —  Shears.  Brakes,  Benders. 

Illustrated:  DI-AC  RO  Bender  No.  2,  shown  forming  / 
heavy  bus-bar,  accurate  to  .001".  .Mso  bends  angle. 
channel,  nxl;  round,  half-round,  square  and  flat 
wire;  moulding,  strip  stock,  etc.  Capacity,  yj'  4m 
cold  rolled  solid  steel  bar  or  equivalent. 


Und  for  Catalog  —  "METAL  DUPLICATING 
WITHOUT  DIES" 


321  8th  Avenue  South 
Minneapolis,  Minnesota 


KI.ECTKOINICS 


JAMES  MILLEN 

150  EXCHANGES!. 


MFG.CO.Inc. 
MALDEN.  MASS, 


them  by  the  patent  and  that  it  is 
not  in  any  sense  a  manifestation  of 
an  economic  evil  that  inheres  in  the 
patent  system  or  in  the  nature  of 
the  patent  itself.  They  further  con¬ 
tend  that  the  reforms  have  made  a 
“whipping  boy”  of  patents  before 
the  bar  of  public  opinion  and  dis¬ 
torted  the  picture  out  of  all  propor¬ 
tion  to  the  number  of  cases  of  patent 
abuse  on  the  basis  of  court  decisions. 
Such  abuses,  they  aver,  have  been 
and  can  be  corrected  through  the 
established  legal  procedures  under 
the  anti-trust  laws.f  Senator  Wallace 
White  of  Maine,  a  member  of  the 
Senate  Patents  Committee,  made  an 
extended  speech  recently  in  which  he 
warned  against  meddling  with  the 
patent  structure — at  least  until  the 
President’s  Commission  has  reported. 
In  the  course  of  his  address.  Senator 
White  dealt  at  length  with  the  dan¬ 
ger  of  confusing  the  patent  with  the 
occasional  abuse  of  the  patent.  Such 
abuse,  he  contended  in  effect,  does 
not  any  more  invalidate  a  patent 
than  it  would  invalidate  rights  in 
any  form  of  property.  He  prweeded 
to  quote  from  a  decision  of  the  late 
Chief  Justice  Taft  as  follows: 

“It  is  only  when  he  ( the  patent 
holder)  adopts  a  combination  with 
others  by  which  he  steps  out  of  the 
scope  of  his  patent  rights  and  seek.s 
to  control  and  restrain  those  to 


PfnHANBNT  MAGNETS 


\  ALL  SHAPES  —  ALL  SIZES 

\  FOR  ALL  PURPOSES 

Stamped,  Formed,  and  Cast;  Chrome,  Tung- 
®  sten  Cobalt  and  ALNICO**  (cast  or  sin- 
tered)  under  G.  E.  license. 

^  THOMAS  &  SKINNCB 

W  STEEL  PRODUCTS  COMPANY 

Ills  E.  23rd  STREET  INOIANAROLIS.  INDIANA 

Laminations  for  Radio  Transformors  —  Tools 
Dios  —  Hoot  Troating  —  Stampings 


TRAINING  FOR  CINEMA 
OPERATORS 


HIGH  FREQUENCY  INDUCTION  HEATING  EQUIPMENT 

Slmpf/fies  the  Most  DltSeulf 
Soldering,  Brazing,  Bombarding, 
Hardening  and  Annealing  JOBS! 


Exc*U*nl  rMults  obtained  in  hiqh-tpeed. 
low-co«t  soldering  of  roriable  condensers, 
cans,  and  frames — with  unskilled  labor. 
Rejects  reduced  to  minimum  by  The  Per¬ 
fected  tepel  Woy. 

Ask  For  Catalogue  E-IO 


Films  are  now  being  used  to  help  in  the 
training  of  British  Nayal  personnel.  These 
"WRENS"  learn  to  project  instructional 
films  and  to  maintain  and  care  for  film 
machinery.  The  instructor,  shown  here, 
is  explaining  to  the  trainees  the  intricacies 
of  an  amplifier.  A  candidate  must  hare  a 
secondary  education,  a  knowledge  of  math 
ematics  and  electricity  and  an  interest  in 
machinery  before  she  is  eligible  to  train 
for  this  category 


HIGH  FUCQUBMCr  LAtOHATOhlBS.  INC. 
S9  Wsrt  SOth  Strsst,  Nsw  York.  N.  Y. 
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whom  he  has  sold  his  patented  ; 
articles  in  the  subsequent  distribu-  i 
tion  of  what  is  theirs  that  he  comes  | 
within  the  operation  of  the  Anti-  i 
trust  Act.” 

“It  seems  to  be  admitted”  said 
Mr.  Penning,  “that  proper  enforce-  i 
ment  of  the  present  Anti-trust  laws 
would  prevent  what  are  called  abuses  j 
of  patents.  Cartels  are  prohibited  j 
by  the  Sherman  Act  and  the  Clayton  1 
Act  and  the  Department  of  Justice 
can  bring  suits  to  prevent  improper 
uses  of  patents.  Certainly  cancella¬ 
tion  of  patents  is  not  necessary  since  ! 
the  courts  now  refuse  to  enforce  ' 
patents  which  are  used  as  bases  for  , 
improper  restraint  of  trade.”  I 

In  building  up  for  the  public  the  1 
picture  of  patents  as  .so  many  wolves  j 
masquerading  in  sheep’s  clothing,  ' 
much  has  been  made  by  Mr.  Arnold  | 
and  his  associates  of  the  alleged  ' 
handicaps  resulting  from  the  rela¬ 
tions  of  American  industries  with 
foreign  cartels.  On  this  much  ex-  [ 
ploited  subject,  Mr.  Penning  has  this  I 
to  say,  “We  can  get  the  information  ' 
from  patents  i.ssued  in  foreign  coun-  ] 
tries,  and  foreign  influence  in  our  ' 
industries  might  be  avoided  by  re¬ 
fusing  patents  to  foreigners  for  in¬ 
ventions  patented  abrc»ad.  However, 
this  would  inevitably  result  in  the 
refu.sal  of  foreign  countries  to  grant 
patents  to  citizens  of  the  United 
States.  The  tendency  would  be  to 
promote  .secrecy  rather  than  bene¬ 
ficial  disclosure  of  patents.  The  in¬ 
ventive  product  being  the  creation 
of  something  that  never  before 
existed  and  that  adds  to  the  sum  of 
human  knowledge,  it  is  again  empha¬ 
sized  that  a  patent  takes  nothing 
from  the  public  that  was  previou.sly 
enjoyed  and  that  the  short  period 
of  exclusive  use  granted  to  the 
patentee  is  only  a  reasonable  reward 
for  the  inventor’s  contribution.” 


GOOD  PRODUCTS  and 
GOOD  SERVICE  Have  Built 
OUR  BUSINESS . 


One  oi  OUT  outstanding  developments  is  the  series  oi  ADC  Aircrait 
Transiormers.  These  transformers  must  be — and  are— reliable  for  the 
wide  and  rapid  temperature  changes  encountered  in  flying.  They 
stand  up  in  the  severe  heat  and  humidity  of  the  tropics  and  serve 
egually  well  in  the  sub-xero  temperatures  oi  the  arctic  regions. 

We  have  expanded  our  production  facilities  to  meet  the  huge  de¬ 
mands  of  our  fighting  forces  who  now  take  our  entire  output.  Some 
day  soon  we  hope  to  use  these  enlarged  iacilit'es  to  again  serve  our 
peace-time  customers  with  good  products  and  even  better  service. 

AUDIO  DEVELOPMENT  CO. 

2833  THIRTEENTH  AVE.  S  MINNEAPOLIS.  MINN. 


We  have  a  complete 
line  oi  quality 
TRANSFORMERS,  RE¬ 
ACTORS,  and  FIL¬ 
TERS  for  Broadcast¬ 
ing.  Recording,  Tele- 
vis  on,  and  Communi¬ 
cation  Services. 


lUEIIPONS  OF  UJRR" 


t  Id  .1  ciiKt*  reofiitl.v  (l**oitlctl  in  T(>l**<io.  tin- 
court  ii|ih«>l(l  the  con  ten  tion  of  the  Ilepnrt- 
ment  of  Juf)tk-e  that  a  otinspiracy  existed  to 
effect  a  monopoly  in  the  glass  container  in¬ 
dustry.  It  was  stated  that  "there  has  b«-en 
It  violation  of  the  Anti-trust  laws  through  an 
illegal  aggregation  of  patents  upon  the  nnrt 
of  the  Hartford  &  Owens  companies ;  there 
has  been  an  illegal  combination  resulting  in 
.m  unreasonable  restraint  of  trade  in  the 
glass  container  industry  through  the  control 
of  machinery  used  in  the  Tnanufacture  of 
glass;  and  there  has  been  a  domination  and 
control  of  the  glass  container  industry  tliat 
has  r*-snlted  in  an  undue  and  unreasonable 
restraint  of  trade". 

The  fudge  ruled  that  the  defendants  will 
be  enjoined  from  engaging  in  interstate  com 
inerce  unless  they  comply  with  the  orders  of 
the  Court.  -Vs  far  as  patents  are  concerned, 
it  was  rulecl  that  they  must  license  anyone, 
royalty  fr*-*-.  on  all  present  |>atents  and 
pending  applications  for  patents  for  the  life 
of  the  patents ;  they  must  make  available  to 
•myone  who  desires  them  copies  of  drawings 
and  patterns  relating  to  suction  devlc*'s.  fe«‘d- 
ers.  forming  mnehines  and  lehrs. 


It's  Strange  to  think  of  the  familiar,  friendly  microphone  as  a  weapon 
of  war.  But  since  wars  are  now  fought  at  a  much  more  rapid  tempo 
and  with  the  entire  resources  of  a  country  ...  it  can  readily  be  seen 
that  radio  communications  systems  are  amongst  the  more  vital  military 
requirements. 

Naturally,  Electro-Voice,  producers  of  microphones  for  most  civilian 
applications,  are  now  manufacturing  these  components,  with  certain 
military  changes,  to  assist  in  the  formation  and  maintenance  of  com¬ 
munications,  so  necessary  to  our  all-out  war  effort. 

The  microphone  iJJus/rated  is  not  a  military  model. 


ELECTRO-VOICE  MFG.  CO.,  Inc. 

1239  SOUTH  BEND  AVENUE,  SOUTH  BEND,  INDIANA 

Export  Division:  100  Varick  St.,  New  York,  N.  Y. — Cables:  ”Arlab** 
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“dag” 


COLLOIDAL  GRAPHITE 


A  coating  of  **dag**  colloidal  graphite 
on  the  interior  walla  of  cathode  nj 
tubes  as  a  focusing  anode  provides 
the  following  advantages: 

1.  Being  a  conductor,  it  acts  as  a 
second  anode. 

e 

2.  Being  opaque  with  a  dark  mat 
surface,  it  does  not  reflect  light 
from  the  elements. 

e 

3.  It  resists  oxidation  and  acquires 
"getter"  properties. 

e 

4.  It  is  easily  applied  to  all  types 
of  glass  and  metal. 

e 

5.  It  eliminates  the  necessity  for  a 
silver  coating. 


For  complete  information  on  the  char¬ 
acteristics  of  **dag*’  colloidal  graphite 
and  its  application  to  cathode  ray  tubes 
write  for  Bulletin  19 IK. 


ACHESON 


COLLOIDS  CORPORATIONS 

K»T  HURON  ^ 


MICHIGAN 


Machinery  Noise  Characteristics 

{Continued  from  page  51) 


speed  of  the  camera,  film  velocities 
ranging  from  afaopt  1  in.  per  min¬ 
ute  up  to  several  feet  per  minute 
may  be  employed.  An  accurate 
frequency  scale  is  more  easily  pre¬ 
pared  than  for  a  mechanical  re¬ 
corder.  It  is  true  that  the  films 
require  development.  On  the  other 
hand,  if,  as  is  generally  the  case, 
the  investigation  is  to  culminate 
ir  a  published  report,  the  original 
i  ita  can  be  used  directly  for  illus¬ 
tration  without  any  further  proc¬ 
essing. 

j  Camera — The  camera  employed 

!  was  of  the  shutterless  revolving 
I  drum  type,  using  standard  35  mm 
!  movie  film.  The  motor  mounted  on 
its  base  and  used  normally  for  high 
speed  work  was  disconnected  and 
an  auxiliary  pinion  attached  by 
means  of  a  small  clamp  to  mesh 
with  the  gear  on  the  film  drum 
shaft.  Various  gear  ratios  were  em- 
1  ployed  to  give  speeds  ranging  from 
I  2  in.  per  minute  up  to  5  in.  per 
j  minute. 

j  The  most  satisfactory  speed  for 
;  the  bulk  of  the  work  was  found  to 
I  be  3  in.  per  minute  and  the  illustra- 
!  tions  shown  were  made  at  that 
1  operating  rate.  The  camera  is 
■  driven  by  a  shaft  with  a  ball  and 
I  pin  at  either  end  mating  in  slotted 
sockets  to  form  small  universal 
joints.  The  drive  shaft  is  slipped 
out  of  its  sockets  when  removing 
the  camera  for  reloading. 

Driving  Motor — The  motor  as¬ 
sembly  consists  of  a  small  78  rpm 
phonograph  motor  of  the  direct 
drive  type,  to  the  shaft  of  which  is 
j  fitted  a  worm  driving  an  80-tooth 
gear  on  a  vertical  shaft.  The  upper 
end  of  this  shaft  has  a  pair  of  miter 
gears  to  drive  the  camera  shaft; 
the  lower  end  contains  a  pin  and 
socket  member  that  mates  with  a 
receptacle  attached  to  the  dial  of 
the  sound  analyzer. 

The  assembly  was  mounted  on  a 
base  plate  with  a  three-point  sup¬ 
port,  of  which  the  drive  socket 
member  formed  the  third  point. 
The  analyzer  dial  was  also  fitted 
with  a  cam  arranged  to  close  a  pair 
of  contacts  when  the  dial  reached 
the  end  of  its  scale.  The  contacts 
were  connected  to  short  circuit  the 


output,  preventing  any  deflection 
on  the  oscilloscope  while  the  dial 
was  traversing  the  blank  space  be¬ 
tween  scales.  Switchihg  from  one 
frequency  band  to  the  next  was 
done  manually  during  the  interval 
that  the  cam  was  in  its  short  cir¬ 
cuiting  position. 

The  complete  assembly  as  set  up 
for  operation  is  illustrated  in  the 
opening  pages  of  this  paper.  A 
motor  driven  mechanism  of  this 
type  is  easily  constructed. 

Sound  Analyzer — The  sound  ana¬ 
lyzer  employed  was  the  General 
Radio  type  760- A*.  This  instrument 
operates  on  the  negative  feedback 
principle  with  a  range  of  from  25 
to  7500  cps  in  five  frequency  bands. 
The  output  voltage  of  the  analyzer 
is  sufficient  to  drive  the  horizontal 
amplifier  of  the  oscilloscope  with¬ 
out  intermediate  amplification.  The 
output  jack  of  the  analyzer  deliv¬ 
ers  a  half-wave  rectified  voltage 
and  the  overall  response  as  taken 
at  that  point  is  semilogarithmic. 

In  some  cases  it  might  be  desir¬ 
able  to  provide  a  linear  response 
characteristic.  This  is  readily  ac¬ 
complished  by  installing  an  auxili¬ 
ary  output  jack  in  the  analyzer, 
connected  to  the  grid  of  the  last 
tube.  It  is  advisable  to  insert  a 
resistance  of  the  order  of  one  to 
two  megohms  in  series  with  this 
jack  as  a  precaution  to  avoid  inter¬ 
fering  with  the  calibration  of  the 
instrument.  The  linear  character¬ 
istic  is  generally  desirable  where  it 
is  required  to  pick  out  individual 
frequencies  from  a  spectrum  that 
has  a  high  unpitched  noise  level; 
the  logarithmic  response  is  most 
useful  when  the  investigation  is 
principally  concerned  with  the  dis¬ 
tribution  of  energy  in  various  fre¬ 
quency  bands. 

Scale — An  accurate  scale  was 
prepared  photographically  as  fol¬ 
lows:  The  equipment  was  set  up 
as  for  normal  operation  except  that 
the  motor  shaft  worm  was  disen¬ 
gaged  so  that  the  analyzer  dial 
could  be  revolved  by  hand.  The 
internal  sweep  circuit  of  the  oscil¬ 
loscope  was  set  to  provide  a  hori¬ 
zontal  trace  across  the  screen, 
focused  to  as  fine  a  line  as  possible. 
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The  caSnera  'feSf’^was  capped.  The 
analyzer  dial  was  set  at  the  first 
graduation  on  the  scale  and  an  ex¬ 
posure  made  by  briefly  uncapping 
the  lens.  The  dial  was  then  ad¬ 
vanced  to  the  second  mark  on  the 
scale  and  the  procedure  repeated. 
The  main  numbered  divisions  on 
the  dial  were  identified  by  exposing 
to  the  full  width  of  the  cathode 
trace,  whereas  exposures  for  the 
intermediate  graduations  were 
made  half-length  by  masking  off 
half  the  cathode-ray  tube  target  dur¬ 
ing  the  exposures  for  these  posi¬ 
tions.  The  developed  film  consisted 
of  a  linear  scale  replica  of  the  dial 
calibration  and  it  was  only  necessary 
to  letter  the  proper  numerals  on  the 
divisions. 

To  facilitate  making  a  large  num¬ 
ber  of  prints  the  original  negatives 
of  the  scale  were  reprinted  on  a 
piece  of  cut  film  approximately  5x7 
in.  and  the  latter  cemented  to  the 
glass  of  the  printing  *  frame  to 
form  a  photographic  mask  or  tem¬ 
plet.  The  resulting  prints  form 
complete  data  sheets  of  suitable 
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It  U  necessary  to  get  every  possible  hour 
oi  efiicient  life  from  the  giant  transmitting 
tubeh  and  other  equipment  at  the  50.000 
watt  transmitter  at  KFI  in  Los  Angeles. 
Frequent  meter  checks  and  constant  sur¬ 
veillance  oi  every  circuit  at  the  transmitter 
will  help  do  the  job.  The  co-chiel  engi¬ 
neers  H.  L.  Blatterman,  leit,  and  Curtis 
Mason  are  shown  replocing  one  oi  the  big 
849  vacuum  tubes  whose  iiloment  electron 
emission  is  no  longer  satisiactory 
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si^e.  Data  prepared  in  thia  form 
have  been  found  more  convenient  to 
work  with  than  long  lengths  of  film 
or  charts,  particularly  when  a  large 
number  of  such  records  have  to  be 
compared  and  studied  for  interpre¬ 
tation.  It  is,  of  course,  necessary 
to  prepare  a  scale  for  each  different 
film  speed  ratio  employed. 

Examples — Figures  12  and  13 
are  examples  of  the  method  of 
analysis  described,  in  which  the 
data  have  been  arranged  to  give  a 
direct  comparison  between  the  fre¬ 
quency  spectrum  from  a  direct 
pickup  and  a  subsequent  sweep  of  a 
recording  from  the  same  source. 
While  the  oscillograms  are  not 
identical  it  should  be  realized  that 
the  data  shown  were  all  taken  from 
sources  not  producing  an  absolutely 
steady-state  waveform.  Successive 
direct  pickup  sweeps  from  these 
sources  showed  about  the  same  va¬ 
riation  as  observed  between  the  re¬ 
corded  and  direct  sweeps  illus¬ 
trated. 

It  is  believed  that  the  technique 
of  transcribing  sound  or  vibration 
data  in  the  manner  described  offers 
a  reasonably  accurate  means  of  se¬ 
curing  information  in  cases  where 
direct  analysis  is  impractical. 

The  method  also  holds  interest¬ 
ing  possibilities  for  extension  of 
the  normal  range  by  frequency  con¬ 
version.  For  example,  if  the  re¬ 
cording  speed  is  33J  rpm  and  the 
playback  78  rpm,  a  frequency  of  40 
cycles  on  the  playback  would  indi¬ 
cate  a  source  frequency  of  17.1 
cycles.  Modification  of  the  record¬ 
ing  equipment  would,  of  course,  be 
required.  Amplifier  designs  are 
available  capable  of  responding  in 
the  subaudible  range,  and  there  is 
no  reason  to  believe  that  a  cutting 
head  could  not  be  made  to  respond 
if  properly  driven.  Conversely,  ex¬ 
tension  of  the  upper  frequency 
limit  might  be  accomplished,  al¬ 
though  here  cutter  head  design 
would  prove  a  more  serious  prob¬ 
lem. 
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Nazi  Aircraft 
Radio 


{Continued  from  page  59) 


for  the  pilot  and  navigator  and  a 
homing  indicator  giving  rough  in¬ 
dications  of  distances  is  provided  on 
the  dashboard.  Pulse  transmission 
is  possible  from  the  long  wave  trans¬ 
mitter,  enabling  bearings  in  the  air¬ 
craft  to  be  obtained  on  the  ground, 
free  from  night  errors. 

Tuning  of  the  radio  is  by  means 
of  electrical  remote  control,  using 
two  a-c  motors  (110  v,  250  cps). 
Long  and  short-wave  superhetero¬ 
dyne  receivers  are  of  more  or  less 
conventional  design  but  without 
automatic  volume  control  and  chiefly 
meant  for  continuous  wave  working. 
They  occupy  a  space  8  inches  x  8i 
inche.s  x  7  inches. 

The  intermediate  frequency  of  the  | 
receivers  is  140  kc  for  the  long  waves 
and  1.4  Me  for  the  short.  All  coils 
have  powdered  iron  cores  and  the 
oscillator  of  the  frequency  changer 
is  temperature  compensated  by 
means  of  ceramic  condensers  with 
positive  and  negative  temperature 
coefficients.  The  tubes  are  perhaps 
the  outstanding  feature  of  the  re¬ 
ceivers.  They  are  pentodes,  a  little 
larger  than  the  usual  acorn  types, 
and  with  ring  seals.  The  suppressor 
grid  and  screen  grid  are  connected 
to  the  anode  when  the  tubes  are  used 
as  triodes.  Long  and  short-wave 
transmitters  both  use  a  ma.ster  oscil¬ 
lator  driving  two  power  amplifier 
tubes  in  parallel.  Only  a  single  type 
of  tube  is  used  throughout,  with  the 
following  characteristics.  Heater 
voltage  12.6  volts.  Heater  current 
0.68  ampere.  Maximum  anode  vol¬ 
tage  800  volts.  Maximum  anode  dis- 
.sipation  30  watts.  Maximum  screen 
voltage  200  volts.  Maximum  grid 
current  4  ma. 

Continuous  waves  only  are  used 
with  the  short-wave  transmitter, 
keying  being  carried  out  in  the  grid 
( ircuit  of  the  ma.ster  o.scillator.  Both 
fixed  and  trailing  antennas  are  u.sed 
but  are  distant  from  the  apparatus 
and  remotely  controlled  tuning  cir¬ 
cuits  are  fitted,  ending  in  special 
units  at  the  base  of  each  antenna. 
Switching  from  “send”  to  “receive” 
i.s  carried  out  by  relay  and  the  an¬ 
tenna  winch  is  al.so  remotelv  con- 


AIRCRAR 

TYPE 

RELAYS 


Magnet  and 
Solenoid  Coils 
for  all  purposes 


Write  •  Wire  •  Phorte 

Wc  alto  do  coil  winding  fo  Government  Specificotiont 

ELECTRO  UNITS  SUPPLY  COMPANY 

4203  W.  FULLERTON  AVE..  Phone  Albany  6680  CHICAGO,  ILLINOIS 


^  TAYLORS 

LAMINATED  PLASTICS 
Vulcanized  Fibre  •  Phenol  Fibre 


SHEETS,  RODS,  TUIES,  FAIRICATED  PARTS 

TAYLOR  FIBRE  COMPANY 

NORRISTOWN,  PA. 

Pacific  Coast  Htadqnartars:  544  S.  San  Pedro  St.,  Los  Antelos,  CaL 


KLECTKOMCS  —  \ 


War 


EMERGENCY 

SERVICE 


by  ABBOTT 

In  the  production  of  communications 
equipment  two  of  the  leading  iactors 
affecting  quality  and  quantity  are 
experience  and  facilities.  Abbott's 
long,  successful  record  and  recently 
enlarged  facilities  combine  to  pro¬ 
duce  such  outstanding  models  as 
the  TR-4  {2Vi  m.  u-h-f  Transmitter- 
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trolled,  a  choice  of  two  trailing 
lengths  being  possible.  Long  and 
short-wave  transmitters  have  a  fre¬ 
quency  stability  of  20  parts  in  a 
million  per  degree  C  and  the  weight 
of  the  complete  radio  equipment  is 
362i  lbs. 

Messerschmitt  109  (Fighter). 
This  equipment  comprises  a  trans¬ 
mitter  and  receiver  built  only  for 
telephony  and  operating  between  2.5 
and  3.75  Me.  The  transmitter  con¬ 
tains  a  master  oscillator,  grid  modu¬ 
lation  and  two  output  tubes  in 
parallel  and  together  with  the  re¬ 
ceiver  is  preset  while  the  craft  is 
on  the  ground.  Although  the  trans¬ 
mitter  and  receiver  can  be  worked 
on  different  frequencies  it  would  ap¬ 
pear  that  if  they  were  so  used  there 
would  be  considerable  loss  of  received 
signal  as  they  are  both  connected  to 
the  same  antenna  which  is  tuned  by 
a  variometer  in  the  transmitter. 

Output  is  about  2J  watts  and  the 
pilot  only  has  access  to  an  on-off  and 
send-receive  switch.  For  the  re¬ 
ceiver,  a  not  very  recent  type  of 
superheterodyne  circuit  is  used,  em¬ 
ploying  pentagrid  tubes.  The  inter- 
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This  "atom  sorter"  or  mass  spectrometer, 
developed  by  Dr,  J.  A.  Hippie,  Westing- 
house  research  physicist  is  used  to  sort 
atoms  by  weight  quickly  and  accurately 
and  help  in  the  control  of  refining  pro¬ 
cesses.  Above  Dr.  Hippie's  wrist  is  one  end 
of  the  curved  glass  vacuum  tubes  through 
which  atoms  and  molecules  of  gases  are 
shot  at  speeds  of  a  million  miles  an  hour. 
Beneath  his  arm  is  the  electromagnet 
which  bends  the  paths  of  speeding  atoms 
and  molecules  so  as  to  separate  them  by 
weight  so  they  can  be  measured  by  elec¬ 
tric  meters 
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A.  Outstandinii  Characteristics: 

1.  They  decrease  in  electrical  resistance  with 
rising  temperature. 

2.  They  have  a  large  negative  temperature  co¬ 
efficient  of  resistance  in  the  region  of  ordi¬ 
nary  temperatures  (0  to  100°C)  and  are 
usable  over  a  larger  temperature  range 
(-70“  to  150“C). 

3.  They  have  stable  and  reproducible  charac¬ 
teristics  within  close  limits  for  a  long 

j)eriod  of  time. 

4.  They  are  strong  mechanically  and  have 
secure  and  permanent  electrical  contacts. 


B.  Successful  Applications: 

1.  As  compensators  for  positive  resistance 
changes  in  a  circuit  due  to  temperature 
variations. 

2.  As  a  remote  unit  in  a  temperature  indicat¬ 
ing  device. 

3.  To  provide  various  degrees  of  time  delay 
in  electrical  units. 

4.  To  reduce  or  eliminate  initial  current 
surges. 


QUALITY 


C.  Standard  Sizes,  Wattage  Ratings,  and 
Ranges  of  Resistance  Values  at  25°  C. 

Ms.ximum  Resistance  Value 
8ixe  Ratini:  at  25°  C 

long  z  5/32*  dia.  1  watt  5  to  5,000  ohms 

1'  long  X  5/32“  dla.  2  watt  10  to  10,000  ohms 

1'  long  z  %'  dla.  3  watt  5  to  10.000  ohms 

1'  long  z  3/32*  dia.  1  watt  100  to  100,000  ohms 


interval  Timers 
Running  Time  Meters 
Reset  Timers 
Time  Delay  Relays 
Cycle  Timers 
Repeat  Cycle  Timers 
Time  Switches 
Signal  Control  Switches 
Multi-Contact  Timers 
Impulse  Timers 


Write  for  information  or  recommendations  for 
your  application. 


MsmufMcturtrt  of  precision  moulded  products. 


KEYSTONE  CARBON  CO.,  INC. 

St.  Marys,  Pa. 


Designed  and  built  for 
accuracy — long  life  and 
freedom  from  trouble. 


vacuum. 


havevapoT  pres¬ 
sures  as  low  as 
10-^  mm.  of  Hg, 
and  even  un¬ 
measurable  at 
room  tempera¬ 
ture. 


Write  Its  of  Yottr 
Needs  and 
Problems. 


The  Apiezon  products  which 
we  still  carry  in  our  Phila¬ 
delphia  stock,  include  special 
oils  for  oil-diffusion  vacuum 
pumps,  and  a  variety  of  oils, 
greases  and  waxes  for  sealing 
joints  and  stop  cocks  in  high 
vacuum  systems.  Bulletin  1565-E 
listing  physical  characteristics 
and  prices  will  be  forwarded 
upon  request. 
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PHOTO  ELECTRIC  CELLS 

BRADLEY  LABORATORIES,  INC. 

S2  MEADOW  ST.  •  NEW  HAVEN,  CONN. 


Welding  Control 
Port  4 


COMMUNICATIONS 
WORKER  NEEDS 

to  know  about 
_ eleetrieity _ 


(Continued  from  /Wj/c  rt9) 


is  closed  and  the  operation  of  the 
panel  after  closinR  the  foot  switch 
(w’hich  must  be  maintained  in  the 
closed  position)  will  be  the  same  as 
outlined  above  for  non-repeat  oper¬ 
ation  down  to  the  point  where  the 
hold  timer  times  out.  The  additional 
operation  will  then  be  as  follows. 


Radio  men,  telephone  enjiineers. 
telefjraphy  technicians — all  workers  in 
the  communication  industry — here  is 
a  book  written  expressly  for  yoQ.  It 
gives  you  a  clear,  practical  explanation 
of  the  fundamentals  of  electrical  engi¬ 
neering  upon  which  communication  is 
based.  All  the  explanations,  all  the 
illustrations,  all  the  applications,  are 
taken  from  the  communication  indus¬ 
try  and  not  from  the  power  industry. 

Just  Out! 


Repeat  Operation 


When  the  hold  timer  times  out, 
relay  TD;,  closes,  dropping  out  relay 
CR„  which  de-energizes  the  solenoid 
valve  to  open  the  welder  electrodes 
and  drops  out  relays  Cf?,  and  TDt 
as  explained  previously.  The  closing 
of  the  TDi  contacts  2-73  initiates  the 
off  timer,  which  starts  timing  and 
allows  the  operator  to  shift  the  w'ork 
piece  during  this  time  period.  As 
soon  as  the  off  timer  times  out,  relay 
TD„  is  energized  and  its  contacts 
56-71  open  to  drop  out  relay  TDo, 
whose  contacts  2-16C  re-close  to 
energize  relay  CR,  since  the  foot 
switch  has  been  closed  during  this 
time  for  repeat  operation.  I’D*  relay 
contacts  34-34A  close  to  reduce  the 
charge  on  timing  capacitor  Cj,  by 
discharging  through  resistor  R,#. 
This  prepares  the  cool  timer  circuit 
for  the  next  repeat  cycle  of  oper¬ 
ation.  When  the  hold  timer  relay 
TD-  drops  out,  its  contacts  2-73  open 
to  drop  out  the  off  timer  relay  TP», 
completing  the  first  sequence  of 
operation.  The  reclosing  of  relay 
TR,  starts  the  sequence  of  operation 


PHOTO  ELECTRIC  CELLS 


THE  ELECTRICAL 
FUNDAMENTALS 
OF  COMMUNICATION 


By  Arthur  L.  Albert 

Professor  of  Communication  Engineering. 

Oregon  State  College; 

Professor  of  Electrical  Engineering, 

Purdue  University  (1942-15143) 

.?50  pages,  6x9,  illustrated,  $3.50 

This  book  presents  the  electrical  funda¬ 
mentals  of  communication,  including  the 
three  divisions — telegraphy,  telephony,  and 
radio  with  its  allied  branches.  It  starts 
with  electronics,  explains  what  the  com¬ 
munication  technician  wants  to  know  about 
direct  current,  conductors,  resistors,  and  in¬ 
sulators,  discusses  such  topics  as  the  mag¬ 
netic  field  and  inductance  and  the  electric 
field  and  capacitance  solely  from  the  point 
of  view  of  the  communication  industry. 

(’learlv,  practically,  it  treats  such  topics  as; 

•  electric  measuring  instru- 
ments 

<1^  N.  •  elertric  networks 
•  bridge  circuits 

<;5u  •  transmission  of  elec- 

^  tromagnetic  waves 

w  -  'JrfS  •  vacuum  tubes  as 

circuit  elements 
^  •  electroacoustics 


Luxtron  Cells,  used  in  Stratosphere  Cham¬ 
bers,  where  pilots  are  pre-tested,  have  to 
meet  the  most  severe  conditions  of  cold, 
humidity,  vibration.  Just  as  they  withstand 
this  ordeal. 


—  SO,  too 

LUXTRON  CELLS 

will  meet  every  requirement 


of  commercial  and  industrial  applications. 
They  are  made  in  a  complete  range  .  .  . 
ANY  size,  type,  shape,  capacity — equal  to 
ANY  requirement.  For  measurement,  analy¬ 
sis,  indication,  metering,  control,  signal,  in¬ 
spection.  sound  repro- 
duction.  Luxtron  Cells 
can  also  be  produced  to 
meet  any  special  needs. 


TRAINING  COURSE 


•  WRITE  for  special  illas 
iratecl  literature  aitli  com 
plete  technical  data.  We  an 
at  your  service  for  consulta 
tion  on  siieclal  problems. 


McGraw-Hill  Book  Co..  Inc. 

330  West  42nd  Street.  New  York 
Seiiil  me  Albert — Electrical  Fundamentals  of  t  orn 
munlcation  for  10  tlays'  e.vamination  on  apprmal. 
In  It)  days  I  will  send  $.3.50  plus  few  cents  postaue 
or  return  book  postpaid.  (I’ostaite  i>aid  on  cash 
orders.  Same  return  privilege.) 


This  is  a  pre-enlistment  class  of  the  Royal 
Canadian  Air  Force  in  radio  mechanics. 
If  they  pass  the  trade  test  after  taking  the 
course,  these  men  will  be  taken  into  the 
R.C.A.F. 


Address 


Company 
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over  again.  This  cycle  of  operation 
will  repeat  continuously  as  long  as 
the  foot  switch  is  held  closed. 

When  this  particular  timer  is  used 
for  spot  welding  instead  of  pulsation 
welding,  switch  S,  is  in  the  open 
position.  This  causes  the  weld  inter¬ 
val  timer  relay  TD«  to  close  without 
time  delay  and  its  contacts  3-5  open 
the  cathode  circuit  of  the  cool  timer. 
This  prevents  further  operation  of 
the  cool  timer,  thus  the  heat  timer 
operates  only  once  to  time  the  spot 


EFFICIENT  NEW  METHOD 
of  identifying  wiring 


Sequence  Timers 


.TlCKtRS 

.  to  remo''* 


Sequence  timers  (  u.sed  in  conjunc¬ 
tion  with  synchronous 


power  con¬ 
trols)  differ  from  automatic  weld 
timers  (used  in  conjunction  with 
non-synchronous  electronic  contactor 
tyj)es  of  power  controls)  in  the  fol¬ 
lowing  respects: 

The  sequence  timer  unit  controls 
the  keying  tube  located  within  the 
synchronous  welding  control  unit. 
Operation  of  the  keying  tube  starts 
the  weld  current.  Thus  the  time  that 
weld  current  flows  for  either  spot 
or  pulsation  welding  is  controlled  by 
the  timing  tube  of  the  synchronous 
'velding  control  unit,  instead  of  by 
the  heat  or  weld  timer.  The  func¬ 
tion  of  controlling  the  cathode  cir¬ 
cuits  of  the  cool  timer  and  the  hold 
timer  to  open  these  circuits  during 
the  flow  of  welding  current  is  con¬ 
trolled  by  a  relay  energized  from  the 
synchronous  welding  control  unit 
since  the  timing  of  the  weld  is  con¬ 
trolled  from  that  point.  Other  weld¬ 
ing  functions  are  performed  by  the 
timer. 


,e»hod  'P 

„.K\een 
r  pop 

coroed 

o  " 

ee  somP'*' 


.,e  o  'ho  P*!’ 

.  ,hese  mog't 
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peeked  oft-'” 
»odoY  ' 


- AVERY  ADHESIVES 

451  E.  THIRD  STREET.  DEPT.  E-11,  LOS  ANGELES.  CALIF. 


Changed  Your  Address? 


•  Copies  of  ELECTRONICS,  to  have  their  full  value, 
should  reach  you  promptly  and  with  no  inconvenience. 
This  we  constantly  strive  to  do. 

BUT,  if  you  have  moved  lately  and  haven't  notified  us 
it  means  a  delay  in  your  copy  reaching  you. 

If  you  are  planning  to  move,  why  not  tell  us  so  we  can 
change  your  stencil  to  coincide  with  your  change  of 
address.^ 


TELETYPE  IM  RIC.4CIES 
UNRAVELLED 


Just  fill-in  this  form  and  mail  it  to  us.  We'll 
do  the  rest  in  getting  your  copies  to  you  promptly. 


Your  Sumt 


Old  Address 


City  &  Stale 


New  Address 


City  &  Stale 


Company 


A  student-soldier  at  the  U.  S.  Army  Signal 
Corps.  Ft.  Monmouth.  N.  J.  is  shown  learn¬ 
ing  the  art  oi  operating  a  teletype  machine 


330  West  42nd  Si 


ELECTRONICS 


KI.ECTROMCS  — /V 


Searchlight  Section 


EMPLOYMENT  •  BUSINESS  • 

UNDISPLAYEO  RATE: 

10  cents  a  word,  minimum  charge  $2.00. 

(See  i  on  Box  Numbers.) 

POSITIONS  WANTED  (full  or  part-time 
salaried  employment  only),  '/j  above  rates. 

PROPOSALS,  50  cents  a  line  an  insertion. 

NfW  ADVERTISEMENTS  rece/Ved  by  10  A.  i 


OPPORTUNITIES 

INFORMATION: 

BOX  NUMBERS  in  care  of  any  of  our  New 
York,  Chicago  or  San  Francisco  offices  count 
10  words  additional  in  undisplayed  ads. 

DISCOUNT  of  10%  If  full  payment  is  made  in 
advance  for  four  consecutive  insertions  of 
undisplayed  ads  (not  including  proposals). 

'.  November  9th  will  appear  In  tha  Dacember 


•  EQUIPMENT— USED  or  RESALE 

DISPLAYED— RATE  PER  INCH; 

The  advertising  rate  is  $5.50  per  inch  for  all 
advertising  appearing  on  other  than  a  con¬ 
tract  basis.  Contract  rates  quoted  on  request. 

AN  ADVERTISING  INCH  is  measured  %  inch 
vertically  on  one  column,  3  columns — 30  inches 
— to  a  page.  E. 

Issue,  subjact  to  limitations  of  space  avallabla. 


\  ENGINEERS 

DESIGNERS 

DRAFTSMEN  I 

MALE  AND  FEMALE 

Wanted  by  Manufaeturer  of 

U,  S.  NAVY  Loudspeaker 
Communication  Systems 

I  ENGINEERS  FOR:  | 

Circuit  DoTelopment  | 

Apparatus  Design  | 

Loudspeaker  Deyelopment 

Also  I 

Engineering  &  Drafting  Checkers  | 
I  Design  Draftsmen  I 

I  U.  S.  CITIZENS  ONLY  I 

NOT  NOW  EMPLOYED 
IN  WAR  PRODUCTION  - 
State  qaaimeatlens  osd  salary  expected 
LOCATION— NEW  YORK  CITY 

I  P-S47,  Electronics  i 

I  330  West  42nd  St.,  New  York  City  i 

ENGINEERS  WANTED 

i  Electronic  Engineers  required  by  The  Brush  De- 
:  velopnient  Company;  University  training  and  de- 
:  sign  or  research  experience  in  electronics  essentiai; 

E  wiite 

PERSONNEL  MANAGER, 

3311  Perkins  Avenue,  Cleveland,  Ohio, 
stating  experience,  salary,  draft  status. 

. . . 

Parmanent  Employmant 

ELECTRONIC  DEVELOPMENT 
ENGINEERS 

WelUestablished  Eastern  Massachusetts 
concern  desires  graduate  electronic 
engineers  with  flair  for  research  and  eye 
to  future.  Permanent  position  concerned 
at  present  with  important  development 
work  for  government,  with  increased 
opportunities  atter  the  war.  Unusual 
openings  for  men  with  capacity  and 
initiative.  Must  be  U.  S.  Citizens. 

P-342,  Electronics 
330  West  42nd  St.,  New  York  City 


DEVELOPMENT 
ENGINEER  WANTED 

I  with  both  mechanical  and  electrical 
I  experience.  An  excellent  opportunity 
I  to  loin  progressive  company  in  devel- 
I  opment  of  products  in  household  de¬ 
vices  field.  Must  be  draft  exempt.  All 
replies  treated  confidentially. 

WRITE  Executive  A 

SCHICK  INCORPORATED 

STAMFORD.  CONN. 


POSITIONS  VACANT 


ENGINEER  WANTED — Electronic  background 
able  to  develop  recording  device — an  oppor¬ 
tunity  in  Ohio  organization  converting — with 
good  facilities — give  complete  record,  training 
and  ability,  etc.  P-S60,  Electronics,  520  N. 
Michigan  Ave.,  Chicago,  Ill. 


LARGE  MANUFACTURER  of  radio  equipment 
wants  graduate  engineer  as  section  leader  on 
design  of  receiving  tubes.  Experience  with  high 
frequency  receiver  circuits  essential.  Adminis¬ 
trative  ability  important.  Must  be  citizen  of 
United  States.  State  age,  maritgl  and  draft 
status,  academic  training  and  practical  expe¬ 
rience.  Candidates  now  engaged  in  war  produc¬ 
tion  should  not  apply  unless  release  from  pres¬ 
ent  employer  can  be  obtained.  Apply  P-S49, 
Electronics,  330  W.  42nd  St.,  New  York,  N.  Y. 


POSITION  WANTED 


RADIO  ENGINEER  with  four  years  experience 
in  the  design  of  ail  kinds  of  electronic  equip¬ 
ment,  Industrial  applications,  transmitters,  re¬ 
ceivers,  ampliflers,  etc.,  desires  position  prefer¬ 
ably  in  Middle  East  Company. — John  Beck¬ 
with;  Matamoros  66;  Pachuca,  Hgo. ;  Mexico. 


WANTED 


WISH  TO  PURCHASE  volumes  and  odd  copies 
of  Electronics  also  other  Scientific  Journals. 
B.  Login  &  Son,  Inc.,  29  E.  2Ist.,  New  York. 


HIGH-GRADE  low  pressure  phonograph  pick¬ 
up,  preferably  magnetic;  state  make,  pres¬ 
sure,  condition,  price.  Will  sell  Jensen  A-12, 
W.E.  555  W  Speakers.  Paul  W.  Klipsch,  South¬ 
western  Proving  Ground,  Hope,  Arkansas. 


ENGINEER-INYENTER 

SEEKS  CONTACT 

with  firm  interested  in  collaborating  on 
development  of  RADAR  BOMB  SIGHT. 

BO-S52,  Electronics 
330  West  42nd  St.,  New  York  City 


I  ELECTRONICS  ENOINEER 

I  WANTED 

I  Large  Chicago  Manufacturer  doing  war 
i  work  needs  experienced  man  for  expand- 
I  ing  electronics  department.  B.S.  Degree 
I  preferred.  Man  experienced  on  sound 
I  equipment  will  be  given  first  considera- 
I  tion.  Also  A- 1  Radio  repairman  for  pro- 
I  duction  work.  These  positions  are  perma- 
I  nent  to  men  who  qualify.  Please  give 
I  full  particulars — include  age,  experience 
1  and  salary  expected. 

I  P-3M,  Electronics 

I  520  No.  Michigan  Ave.,  Chicago,  IlL 

. . 

WANTED 

WIRE  WOUND  RESISTORS 

i  A  new  company  formini,  located  in  the  Middle 
i  West,  to  msnufaoture  Porcelain  Enamel  wire  wound 
n  resistors.  Territories  oiwn  to  experienced  salesmen 
:  or  manufacturer’s  stents  now  contacting  manufao- 
i  turers  of  radio,  communication,  and  control  equlp- 
:  ment. 

i  SW-331,  Electronloa 

i  520  No.  Michigan  Are.,  Chicago,  IlL 


BEST  QUALITY,  USED 
ELECTRON  TUBE  MACHINERY 

I  Equipment  for  the  manufacture  of  all  kinds  of 
I  electron  tubas,  radio  tubes.  Incandescant  lamps. 
:  .neon  tubes,  ptioto  electric  cells.  X-ray  tubes,  etc. 

i  AMERICAN  ELECTRICAL  SALES  CO.,  INC. 


I  65-67  East  8th  St. 


New  York,  N.  Y. 


llltMIMtMMIIIIMtIMIMIIIIIIHMIllMIMHKItllllMIIMIIIIIIIIIMlM 


I  OLD  TRANSMiniNC  TUBES  ARE  VALUABLE 

I  Lat  uB  help  aolve  your  tube  problam.  We 
I  can  rebuild  moat  any  tuba  from  XSO  watts 
I  to  20  K.W. 

Freelaid  &  Olschier,  lie. 

922  Howard  Ave.  New  Orleaoi,  La. 


IIIMIIIillllMII 


^  Sales  Connection  that  is  Unusual 


I  1  A  position  with  a  company  that  is 

I  1  •  the  oldest  and  largest  of  Its  kind 
I  in  the  world — whose  product  Is  not 
I  adversely  affected  by  depressions  or  war 
I  conditions.  On  the  contrary,  our  busi- 
i  ness  today  is  excellent  and  as  a  result 
I  our  men  are  making  more  money  today 
I  than  they  ever  have.  We  are  serving 
I  i  the  war  industries  and  directly  aiding 
;  1  in  Increasing  production  in  these  com- 
I  panics. 

I  'y  The  people  who  are  prospects  for 
i  ^  •  what  we  have  to  offer  are  of  a 
1  very  high  type  and  consequently  it  is  a 
I  pleasure  to  call  on  them.  Inasmuch  as 
I  our  company  enjoys  a  splendid  reputa- 
I  tion  and  our  product  is  essential,  we  are 
i  more  than  welcome  in  the  eyes  of  our 
I  prospects,  especially  in  these  times. 

I  "3  Our  compensation  plan  is  of  such 
i  a  nature  that  our  men  average 

i  from  80%  to  90%  in  commissions.  It 
i  also  provides  for  a  substantial  amount 
I  of  insurance  as  well  as  an  attractive 
1  vacation.  Annual  earnings  average 
i  about  $4,000.  Earnings  start  immedi- 
i  ately  from  the  day  you  go  on  the  job — 


even  while  In  training.  You  will  be 
thoroughly  grounded  in  our  policies  and 
field  trained  In  our  work.  Since  the 
business  is  established,  and  you  get  tne 
benefit  of  business  already  in  effect, 
maximum  earnings  are  possible  from 
the  beginning. 

4  Stability  is  a  keynote  In  our  com- 
•  pany.  Many  of  our  men  have  been 
with  us  from  10  to  20  years.  Several 
have  passed  the  26-year  mark. 

5  Company  policy  is  to  promote  from 
•  within.  Our  District  Managers. 
General  Sales  Manager  and  many  other 
executives  started  in  a  similar  position 
to  the  one  bemg  offered. 

6  A  car  is  essential,  but  the  amount 
•  of  traveling  required  is  small. 
Desired  age  limit  is  35  to  60,  preferably 
married,  good  education  required  and 
previous  sales  experience  Is  desirable. 
United  States  citizenship  necessary. 

If  you  are  Interested  in  learning  more 
about  this  connection,  write 

SW-353,  Electronics 
330  West  42nd  St.,  New  York  City 
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Electrical  Remote  Control 


When  General  Doolittle  and  his  squad¬ 
rons  made  their  surprise  raid  over 
Tokio,  they  carried  a  message  of  things 
to  come — the  only  type  messoge  Jops 
con  understand!  Naturally  we  ore  proud 
that  the  equipment  of  these  planes  con¬ 
tained  wire  mode  by  Wilbur  B.  Driver 
Co.  The  entire  facilities  of  our  plant  are 
devoted  to  producing,  as  never  before, 
special  alloys*  (including  beryllium- 
copper)  for  alt  war  purposes.  Consult 
us  for  your  requirements. 


AvaiiabI*  in  rpd*  wir«,  ribbon,  and 
ifrip  —  both  hot  end  cold  rollod. 


©WILBUR  B. DRIVER  CO.© 

NEWARK.  NEW  JERSEY  ^ 


(Continued  from  page  64) 


ALL 

EMERGENCY  PRIORITY 
REQUIREMENTS 


paratus  as  with  power-contactor  type 
of  equipment.  The  usual  telephone 
relay  coil  will  dissipate  from  5  to 
10  times  the  power  required  for  safe 
operation.  However,  where  extremely 
high  speed  is  desired,  coil  inductance 
has  to  be  reduced  to  a  minimum 
necessitating  more  current  to  pro¬ 
vide  sufficient  relay  operating  power. 
Therefore,  the  coil  temperature  un¬ 
der  permanently  energized  condi¬ 
tions  must  be  considered.  Where 
solenoids  and  selection  switches  are 
used,  the  relatively  high  current 
normally  required  has  resulted  in  de- 
si^  of  coils  which  are  self-pro¬ 
tecting  under  average  ambient  tem¬ 
perature  conditions.  If  solenoids  and 
switches  are  to  be  used  where  the 
ambient  temperature  is  likely  to  be 
very  high  power  may  have  to  be  sac¬ 
rificed,  with  some  accompanying 
sacrifice  in  reliability. 

3.  Environmental  conditions  such 
as  humidity,  salt  air,  ambient  tem¬ 
perature  and  vibration  may  prove 
important  factors.  High  humidity 
accentuates  electrolysis  of  the  small 
wires  used  in  relay  coils  and  may 
cau.se  premature  failure.  This  can 
sometimes  be  overcome  by  the  use 
of  special  impregnated  relay  coils  or 
by  placing  control  equipment  in  a 
heated  cabinet.  In  the  latter  case,  if 
the  control  cabinet  is  small,  a  con¬ 
tinuously  lighted  40-  or  50-watt  lamp 
will  sometimes  suffice.  High  humid¬ 
ity  conditions  in  conjunction  with 
dusty  atmosphere  increase  the  pos¬ 
sibility  of  breakdown  of  relay  spring 
pile-up  insulation.  Some  improve¬ 
ment  can  be  effected  by  treating  the 
relay  spring  pile-up  and  portions  of 
the  springs  themselves  with  insulat¬ 
ing  varni.sh.  Use  of  dust-tight  cabi¬ 
nets  is  another  solution.  Dust  also 
presents  the  additional  hazard  of 
excessive  contact  failures  and  con- 
.sequently  must  be  avoided  if  at  all 
possible.  Salt  sea  atmospheres  fre¬ 
quently  produce  excessive  corrosion 
of  metal  parts  to  the  extent  of  mak¬ 
ing  equipment  inoperative  and  so 
sjiecial  plating  of  metal  parts  must 
be  employed. 

The  vibration  conditions  under 
which  the  equipment  must  operate 
are  important  considerations  in  many 
applications.  Excessive  vibration  may 
not  only  cause  mechanical  failures 


but  may  also  cause  normally  closed 
contacts  to  open  and  normally  open 
contacts  to  close,  giving  false  opera¬ 
tion.  Vibration  at  the  instant  of  re¬ 
lay  release  may  also  introduce  an  un¬ 
desirable  variable  factor,  especially 
if  delayed  release  has  been  obtained 
by  means  of  slugs  or  other  coil  ac¬ 
cessories.  Therefore,  it  is  well  to  de¬ 
sign  circuits  free  from  the  necessity 
of  added  delay  features  wherever 
vibration  is  a  factor.  Shocks  en¬ 
countered  under  severe  conditions  of 
operation  must  also  be  considered 
and  made  a  specification  item  when 
purchasing  equipment  since  certain 
manufacturing  design  precautions 
such  as  heavier  relay  spring  tensions, 
balanced  construction  and  heavy- 
duty  bearings  can  be  taken  to  make 
equipment  withstand  such  shocks. 

Extremely  low  temperatures  such 
—  40  to  —50  deg.  C  may  not  seriously 
affect  relay  and  rotary  switch  opera¬ 
tion.  However,  if  a  great  number  of 
operations  required  of  the  equipment 
necessitate  the  use  of  lubricants, 
then,  unfortunately,  it  may  become 
necessary  to  sacrifice  life,  or  accept 
reduced  reliability.  The  major  effect 
of  high  ambient  temperature  is  in 
the  limitation  placed  upon  the  heat¬ 
ing  of  coils  and  this  has  already 
been  discussed. 

4.  Reliability.  The  degree  of  re- 
liabilty  needed  in  the  apparatus  be¬ 
ing  designed  wdll  largely  govern  the 
type  of  equipment  to  be  used,  its 
quality,  the  precautions  taken  to 
overcome  environmental  conditions, 
the  amount  of  maintenance  necessary 
and  the  extent  to  which  additional  or 
duplicating  equipment  must  be  pro¬ 
vided  to  supervise  performance.  For 
example,  in  a  pinball  machine,  re¬ 
liability  is  desirable  but  a  failure  is 
not  a  matter  of  life  or  death.  Conse¬ 
quently,  the  added  cost  of  precise 
apparatus  plus  supervising  features 
is  not  warranted.  On  the  other  hand, 
railway  block  signal  train  control 
must  not  only  utilize  equipment  of 
the  highest  quality,  but  must  also  em¬ 
ploy  supervisory  circuits  to  insure 
that  if  there  is  any  failure  the  re¬ 
maining  equipment  will  take  over 
and  prohibit  additional  action  of  any 
kind  until  the  failure  is  corrected. 

5.  Speed  (number  of  operations 
per  second  or  available  time  allowed 
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for  relay  operation)  is  intimately  a.s- 
sociated  with  the  current  and  vol¬ 
tage  available.  For  example,  ex¬ 
tremely  high  speeds  (less  than  10 
milliseconds  operate  time)  may  re¬ 
quire  the  sacrifice  of  sensitivity  be¬ 
cause  it  is  difficult  to  build  up  the 
magnetic  flux  in  a  coil  of  high  indue 
tance  in  the  time  available.  Like¬ 
wise,  heavy  mechanical  loads  (a  mul¬ 
tiplicity  of  contact  springs  or  cir¬ 
cuits)  tend  to  make  a  telephone  type 
relay  slow  to  operate  and  thus  must 
be  avoided  where  extreme  operating 
.speed  is  required.  On  the  other  hand, 
where  high  speed  on  release  is  de¬ 
sired,  the  heavier  spring  load.s 
actually  assist  the  designer. 

6.  The  number  of  operations  a 
relay  is  expected  to  perform  during 
its  life  cycle  will  also  govern  the 
initial  selection  of  equipment.  Tele¬ 
phone  type  relays,  in  general,  may  be 
expected  to  operate  satisfactorily 
for  10,000,000  or  more  operations 
with  maintenance  at  300,000,  600,000, 
1,000,000  and  each  1,000,000  there¬ 
after  and  at  least  once  per  year. 
Under  certain  operating  conditions, 
such  as  in  vacuum  tube  plate  cir¬ 
cuits  where  the  pick  up  and  drop  out 
are  somewhat  “cushioned’  as  a  result 
of  gradually  increasing  and  de¬ 
creasing  current,  instances  are  on 
record  where  relays  of  the  telephone 
type  have  operated  satisfactorily  up 
to  400,000,000  operations.  Vibration 
may,  however,  cause  bearing  wear 
even  though  the  relay  has  operated 
very  infrequently  and  one  relay  lo¬ 
cated  in  the  power  cab  of  a  Diesel 
electric  locomotive  became  unusable 
within  24  hours  of  installation  even 
though  it  was  never  operated.  The 
solution  in  this  instance  was  the  use 
of  special  heavy-duty  bearings  and 
anti-vibration  springs. 

From  the  foregoing,  it  will  be  seen 
how  important  it  is  to  consider  all 
the  factors  discussed,  both  indi\'id- 
ually  and  collectively,  in  the  selec¬ 
tion  of  equipment  and  in  the  final 
circuit  design.  It  is  important,  too, 
to  make  known  to  the  supplier  all  the 
proposed  operating  conditions  and  it 
is  frequently  desirable  to  write  a  de¬ 
tailed  specification  outlining  the 
precise  conditions  under  which  ap¬ 
paratus  must  function.  It  is  espe¬ 
cially  vital  that  the  supplier  be  in¬ 
formed  exactly  what  the  application 
is  to  be.  In  this  way  all  the  sup¬ 
plier’s  experience  may  be  enli.sted 
to  make  it  doubly  certain  that  equip¬ 
ment  suited  to  the  need  is  used. 
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